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PREFACE. 


During tli* last ten years the question of manufacturirtg' so-called 
Plantation White Sugars” has come very much to the front and car^i 
year more of this grade of sugar is finding its way into the markets of 
Asia, and even of Europe and Ajmerira. ^ 

' ^ j 

Numerous are the processes used, and their modifications suggested 
in the various cane sugar producing Sountries, and it occurred to the author 
that the moment had come in which an attemiit might be made to review 
them and to express an opinion of their merits. 

• ’ • 

In the completion of this work the author hjs been greatly assisted 

hy the rtmrtesy of th# many inventors and patentees of the new methods; 
who have not hesitated to put at his disposal an authentic description of 
the jirocesses and samples of the chemicals used, thereby ensuring the 
use of first-hand information. 

• 

•The autljor is in this respect much indebted to the courtesy of 
the following;, to whom he expresses his gratitude: Messrs. THE Anii.IN 
PNI) SODAEAHKIK, LUDWlGSflAEEN’, N. B. BACH^E. E. BATTEI.I.E 



»kf. ,^'urther, the aut*hor has to express his thanks to the following firmS; 
who hcKe |paned him blocjis for illustrations: Thi# Harvey Engineer¬ 
ing Co., Ltd., Gla'sgow; The Hersey ManuFj^cturing Co., Boston; 
Mr. Norman Rodger, London; MEg^ts. Stork & Co., Hengelo. 
Holland^; and Messrs. Watson, Laidlaw & Co., Ltd., Glasgow. 

I'inally.the author has to express his thanks to Mr. Jame?P.Ogilvie 
Technical Editor of the International Sugar Journal, for his share ir 
checking the manuscript of this work, ijs regards the technical and jjiemi. 
cal nohjfijf jgture ntost generally in use in English and .American su^ai 
literature. 



As in tlic author’s book, “Cane Sugar and its Mapufacture,” Fischer’s 
f.ibmenclature for the different sugars has been follpv'ed in this work, the 
terms used for them havinf^ the following meanings: 

^ Sugar : The commercial product. 

'^Sucrose: The chemical body, the principal constitufcnt of the com- 
meiVial product. 

f 

(il.UCftsi'.: The chemical body, also called dextrose. 

< 

I'RUCTOSE: The chemical body, also c.alled levulose. 

r 

Invert Sugar; The mixture of expctlv equal proportions of glu¬ 
cose and fructose. 

Rkdi'cing Sugars; The mixtuie of ecpial proportions of glucose 
and fructose. < 

The analytical methods in P.art III. are those employed at the Java 
Sugar Experimental Station. 


H. C. PRINSEN GEERLIGS. 


Amsteruam, 

March, 1915. 
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PRACTICAL 

WHI'TE SUGAR MANUFACTURE, 


INTJIODUCTION. 

HISTORICAL. 

Far from being a modernlnvenfion dating from the present generation, 
the manufacture of white sugar directly frqjn cAe juice without the 
intermediary of a refining process is one of the oldest achievements of 
the sugar industry. 

Very probably the oddest form in which cane sugar was manufac¬ 
tured, fn thoSe early periods of our civilization in which the use of 
earthenware or metal boiling vessels was first practized, was that of cane 
juice evaiKirated to a dry mass, such as is nowadays still produced in 
every cane-growing country to a total amount of hundreds of thousands 
ofel^ns per annum. 

It is likewise probable that very soon after the art of sugar making 
by evaporation of the cane juice had developed, it was discovered that if 
juices were not concentrated to the utmost degree of ’dryness, the 
masi after bein^coole/f down changed into a solid mass of crystals, from 
whiijh the adhering brown molasses could be drained off rather easily, 
leaving bshind a whiter and better product than tjje original one. 

The draining off of the molasses an/ the production of a dry and 
whitetsugar could be promoted by giving a conical shape to the receptacle 
into which the hot, concentrated sugar liquor was run to cool down, 
while the last portions of the molasses could be induced to Separate from 
the sugar crystals by allowing a slow and regular stream of water to 
percolate the sugar, thereby removmg the impure coloured niolass|s and 
leaving behind the white network of concrete sugar crystals. 

In every part of the world in which cane sugar is produced, we 
know of methods for making white sugar by cowing the surface of 
coherent masses of brown sugar with the moijt leaves of #?ater-plants or 



iniruuu(;uun 


with a mixture of clay and water,' and it cannot be wondered a^ that 

< I 

such a simple and eflFecti\’e method of turning bro^n sugar into a white 
product was already kno\yn in the infancy of this art, so that the pro¬ 
duction of white sugar directly from cane juice must harf? preceded that 
oitthe art of refining properly speaking. * ' ’ 

f ' t 

The earliest forms of white sugar recorded in history, as to which we 

have know'ledge, arc those of candy and loaves, of which tlte letter was 

the most common. At the same time we find mention ni;i/le of powdered 

sfigar, derived in every instance from crushed loaves, which had been < 

damaged or broken and could not be shipped as ordinary good (juality 

loaf sugar. Whereas sugar candv was manufactured at the outset from 

* 

raw or from white sugar which had been dissolved and recrystalli/.ed, 
and may therefore be reckoned to belong V> the class of refined sugars, 
the loaves of anti(|ui»y and of the earty middle ages were the product of 
raw sugar factories, having been obtained from juice and washed white'" 
without being first redissolved.* 

In perusing the classical work of von Lippniann, “ Die {'jeschichte 
des flickers,” we find numerous instances be^weefn the years and 
1400, of sugar exported in loaves from Cyjirus, Rhodes, Syria and 
Alexandria. In many cases these loaves were made from sugar only • 
boiled once, or from washed raw sugar; but in other instances we find 
that such sugars had been boiled twice and even several times, qjid 
therefore repre.sented really refined sugar. ' 

The sugar in leaves from Brazil and the West Indian islands, which 
was shipped-to Europe after the establishment of the sugar industry out 
there by the European settlers, consisted, flowed er, exc'iusively ok raw 

sugar, from which the molasses had been drained off through an opening 

«. 

at the bottom of tbe c6nical mould in which the concentrated (Syrup had 
been allowed to crystaflize. , c 

After crystallization had taken place, the surface of the mass^in the 
moulds was levelled, a piece of paper was laid flat on the smootlisurface, 
and then a mixture of clay and water wp poured on the top. The water 
trickled slowly through the contents of tbe mould, washed off the adhering 
molasses and thereby improved the'quality of the sugar. Finally the 
loaves were taken out of the moillds, divided into tliiee parts: viz., the 

< t I _ 

(. 

>For particulars as to these primitive methoils of white sugar maiuiraciure. see 
H. C Prinsen GeerligS’ " The World's Cane Sugar Industry " (191‘2), pages /iO, \i, 
101. Tib. W 



molasses had beAi lert, “ muscovado ”; and the undermost or hrowne t 
part, “ panela.” The pieces of sugar of each the three portions were 
crusli^d and picked; tlie white sugar could he used for consumption 
, without being rafinedfwhile the others recpured further treatment Jn^ 
refinefy before being delivered to consumers. • • 

The reining industry in Europe soon attained a high degree of per¬ 
fection, the great care bestowed on the clarification of the sugar clairces" 
^(liquors), and on the boiling of the sugar and the finishing of the loavtis 
and afte»-products, accustemed sugar consumers to the use of refined 
sugar to such an extent tliat the whitt portions of the raw sugar loaves 
disapiitiared from the market as far as direct consumption was concerned, 
and were only used as raw material for tiic refmeiies. 'I'lic refining 
> industry continued steadily to imirtove its metliods^ the quality of the 
-refined sugar was flawless, even in the seve«tcontli century, and lias 
remained so ever since, while the manii/acture of the raw cane sugar 
remained in its original iiriiiiitive state down to the last (piarter ofcthe 
nineteenth century. , • 

]5y that time the cane sugar marufactimrs in some of the countries 
^of production felt the necessity of availing themselves of the beneficent 
results which scientific research had accomplished m the beet sugar 
industry. They saw how the apiilication of science in manufacture had 
wrfl^ght wonders in building up a splendid industry, and so they 
wanted to follow' that example, (iradually the cane sugar industry 
remodelled its methods and studied the circunistances«under which it had 
to work; and the result is an organization no whit less brilliint and well- 
orgaiTized .than»tlf#t of tlfe sister industry itself. 

When It was found possible in raw beet sugar factories to manufac¬ 
ture without the use of animal char, and by mechaijical contrivance alone, 
a white, odc.dWes?, crystallized product whi^i was very little inferior to a 
first-cljss refined article, and which is*at this moment used in huge 
quantities for direct consumption, the cane sugar industry could not 
refrain from trying to do likewise^ • • 

Instead of making only refining crystals as a raw material for sugar 
refineries, manufacturers of raw can*e sugar have gone to work to j^ake 
in* their sugar houses a white sugar %r direct consumption, without 
‘renrelting or using charcoal, and have succeeded in producing a^beauffful 
quality of white cane sugar, without being involved in any extraordinary 
ei^qiile or excessive loss of sugar during n*nufacture. 



Introduction 


In this book it is proposed to discuss the different methods of attaining 
that end, and the several advantages or disadvantages of the various pro¬ 
cesses and their modifications will find complete consideration. 


SOME PRELIMINARY CONSIDERATIONS. 

The manufacture of white sugar from sugar cane juice Ss often said 
to be a relatively easy operation, since it is not very difficult to remove the 
cblour of the juice, and, since further, the juice of the sugar cane does not < 
possess an unpleasant smell, as is the case with Ihat of the sugar beet. It is 
therefore believed to be unnecessary to remove the last traces of colouring 
and aromatic substances from the juice, and it is even claimed that minute 
amounts of the latter in cane sugar add to its merits and increase the 
sweetening power a^compared with t*liat of a really refined article. 

This is not the place to enter into a discussion on the relative merits 
of A^hite beet or cane sugar, or refined sugar of either origiii, and this the 
more so because we do not agree with the opinion just stated, viz., that 
impurities left behind in the white cane sugar play a favsurable r61e in 
the finished product. On the contrary we must make our product as 
white and as pure as possible, converting it to a state in which no*- 
difference at all can possibly be detected between the dietetic and other 
merits of raw or refined cane or beet sugar. , 

f 

It is not only our aim to make a good and dry white sugar, but also 
to have it in suchca condition that it will remain white and dry after 
storage; and therefore it is necessary to remove the last traces of sub¬ 
stances other than sucrose as far as possilSle. '‘A smAll- percentage of 
glucose left in the sugar may cause it to attract moisture from the atmos¬ 
phere, while some colouring matter derived from the rind of tfee dane, or 
formed during manufacture c,nd temporarily bleached vnaytreassume its 
original colour and give the article a greyish hue after it has been stored 
for some time, thereby in either case decreasing its value. , 

‘ t 

Instead of being rather an easy task, only requiring a little additional 
machinery over that used in a common raw sugar factory, the manu- 
factute of Plantation White Su^ar demands not only a good knowledge 
of f^eneral sugar manufacture but also special skill on the part of 
manager, t^mployees and workmen, and above all a large capacity in all 
departments of th^ sugar-house and a proper arrangement of the whole 
plant. 



Some Preliminary Consideratipns 


Pur great^t enemies are inversion and coloration, and we have to 
suppress these two ^ the utmost of our power. Therefore no juice or* 
syrup or massecyite should be allowed to stand any longer than can 
possibly be heteed, and, in the second place, any probability of over¬ 
heating should'oe avcJided in every way. • * 

• • • • 

No massing together of heterogeneous types of machinery should be 
allowed, but each item of the whole plant should be well calculated and 
be in relation to the rest, so that at no stage will the regular course ^of 

manufacture meet with an obstacle to prevent it from turning out the 

• • 

maximum yield of brilliantly white* sugar from the cane juice in the 
shortest time pos.sible. • 

The disposition of the pl^nt and the ability of employees and work¬ 
men count for much more in the tlianufacture of jvhite sugar than the 
choice of any one of the many processes in u?e. It may be possible to 
make a good product witli either of them, proviiled the plant is well 
designed and well constructed, and the staff and workmen undci?tand 
their work ; but eveji tha, best process will fail^here the machinery is 
inadequate or the men incapable. The. plant may be purchased and 
erected in any spot in the world where cane grows, but if it be desired to 
establish a white sugar factory in a place wdiere the workmen are not 
trained to that task or are unwilling to become so, the best process and 
th8,best plant will not prevent the result from proving poor and 
disappointing. 

Tile careful education and training of the workmen is indispensable 
for jny good istue, anjJ th(»fault of having overlooked this point has 
already repeatedly been the cause of failure where success was 
anticipated. * 
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PART I. 

CLARIFICATION *OF THE CANE yJUICE.. 


CIlAlTliR I. 

PRINCIPLES. 

f 

'I'lie (.larilkation of llio earn; ^uice is of supreme importance in llie 
maiuifactuie of jilantation while siiHar'and this for two reasons,; it is 
necessarr to make tlie jmee as devoid of colour and at the same time to 
render it as clear as can possibly be jlone. *' 

(A) Colour of the Cane Juice. 

'I'lie colour of the juice may have a twofold oriKin : It may be a 
conse<|uence of colourinf; matter from the cane ilself, jiassed over into 
the juice on extractionit may also be the resUit of the action of lime or 
of heat or of both combined, on the constituents of the juice.' 

Colouring Matter from the Cane. The sugar cane contains in the 
rind cells a mixture of two colouring matters which are represented 

there in mutually widely varying propoitions according to the colouf of 

♦ 

the cane. 

One of these, thf chlorophyll, is the regular constituent found in every 
green cell of plants. It is insoluble in water and in sugar solutions, and 
is in sustiension in the cane juice, for wl«ich niason ut' passes into the 
scums, not interfering any further with the process of manufacture. 

The second coloiAing substance present in the rind cells ^itti>ocyiiii. 
a violet-colouied substance which is found in the ogfer (jells of dark- 
coloured canes, but is almost absent in white or yellow-coloured varieties, 
In contrast with chlorophyll, anthocyan is soluble in water and ih sugai 
solutions, w|iich explains why the juice of canes having a dark-colourec 
rind IS so much more coloured than that of green, white or yellow canes 
and also why the last mill juice of coloured canes in which the juice from 
the ^ard rind is strongly repre.svnted is so much more coloured than .flu 
firth, mill juice in which chiefly juice from the soft parenehyina cells is 
containeS. 

—^ I ^ 

' Foi . lemical properties aid reactions of the constituents of sugar cine, 'set 
H. C. t’rinsen tieerligs' " Cane Sugar and its Manufacture" (htOtl), l’agesJJ-54^ 



^The purple colour of the anthocy'an solution is changed into a dark 
green by the aaditiPh of lime, but the body is not precipitated until a 
strongly alkaline reaction is obtained by addition of more lime. 

(t 

•Sulphurouj acid is incapable of bleaching anthocyan solutions; it 
decolorizes to some Extent, hut after exposure of the treated solufcioa to 
the oxygen of tfie air the original colour returns. * • 

A thir*l colouring matter, saccharctin' is found impregnated in the 
fibre of the cane. Neither water nor sugar solutions extract this colouring 

matter from the fibre, but as soon as these media are rendered alkalTne 

• • 

with lime or any other alkaline bod>;, the hitherto colourless saccharetin 
becojnes yellow and is extraett^i by the liquid, wliicli extraction proceeds 
only slowly, as saccharetin and fibre appear to be very closely united. 
Saccharetin occurs in the Waw juice attached to the fine particles of 
bagasse suspended in the juice ancl dis.solves V' scflne extent as soon as 
the juice is limed. A thorough separation of the cusli-cush ” will there¬ 
fore prevent much saccharetin entering fbto the clarified juice, where after 
all it IS comparatively harmless, as it only assumes a yellow colour in 
alkaline media, and*bec6mes colourless again as soon as the reaction is 
neutral or and. 

Coloration of the Juice by Decomposition of its Constituents.— 

When maintained at a liigh temperature, solutions -if both sucrose and 
t+^ two reducing sugars, glucose and fructose, assume a dark coloration. 
(If the three sugars under consideration, the fructose is decomposed most 
(juickly, next comes glucose, and finally sucrose, b^it at any rate a pro¬ 
longed spell at a high temperature is to be avoided, if one desires to keep 
thd cane juicd.as hgflitly Coloured as possible. The coloration of the 
solutions of the sugars after being heated is even perceiitible in their 
pur^ sidution in watci;; but it becomes muA more apparent where 
neutral salts o» nitrogenous bodies sucl^as asparagin, aspartic acid, ot 
ammonium salts are simultaneously present, especially m tlie case of the 
reducjjig sugars, an occurrence which is regularly the case in the sugar 

juices met with in practical working. , • 

• 

The coloration of solutions of sucrose and glucose or fructose having 
an acid reaction is not so strong as in neutral solution, but acid reactior 
is cipt lo cause the decomposition of sucrose lo invert sugar at a rat< 
increasing with the temperature of the juice. 
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In alkaline juices this inversion is not to be feared; buy then, especially 
at high temperatures, the reducing sugars are rapidly decomposed with 
the formation of dark-coloured organic acids, which combine with the 
alkali and therefore produce a neutral solution after the alkali has exerted 
its action. Therefore, the stronger the alkaline reaction, the more reducing 
suga/" is decomposed. At low temperatures, i.e., below 55“ C,'^ the 
products of decomposition are colourless, but at higher temperatures, the 
products of the reaction posse.ss a brown colour and have the disadvan¬ 
tageous property of being broken up gradually into acid secondary 
decomposition products which may afterwards give rise to inversion; 
while gaseous products may be formed as final products, which are apt 
to cause the so-called “ frothy fermentatidn ” of the after-products. ‘ 

Any prolonged treatment of juices^ syrufjs, massecuites, molasses, etc., 

at a high temperatur^ sho^uld be avoided as much as possible, and the 

temperature of such products should never exceed 70“ C. Acid juices and 

syrup^s should be closely watched when maintained at a high temperature, 

while heating strongly alkaline cane juices above 55" C should at any rate 
{ , ^ 

be avoided. 

Coloration of Juices by Iron Compounds. -Finally, juices and 
sugars may assume a \ ery unpleasant dark coloration by the formation 
of soluble iron compounds. During its treatment in the factory the sugar 
juice comes constantly into touch with iron surfaces such as those' of 
defecating pans, eliminators, subsiding tanks, filter-presses, juice-heaters, 
evaporators, etc., whteh may lead to an absorption of iron .salts, all the 
more so in acid as compared with neutrd^eactions. It is true that 
much may be done to guard ggainst that contingency by having part of 
the plant made of copper or by jirotecting the inside of tanks or pipes 
with a coating of paint pr varnish, but such prbeautions do not entirely 
prevent the dissolving of traefes of iron oxide from the vessels in which 
the juice is treated or through which it runs. i 

This foripation of iron compounds exerts, however, a detrimental 
influence on the colour of the sugar crystals only if the iron is dissolved 
in the highest state of oxidation, i.e., in''the ferric form (FejOj), and when 
the reaction of the juice is neutral! If the iron is present in the lowest 
state‘of oxidation, the ferrous condition (FeO), or if the juici is acid, no 
co-crystallization of ferric saccharate with the sugar crystals is to be 
feaied ar-' the iron''remains in the molasses. In this case the shicrar 
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crystal is not g^en a dark'colour by iron salts, so that all coloration by 
iron can be avoided*by treating the juice with sulphurous acid, which 
first of all reduces the^ron to the ferrous st^e of oxidation, and then 
impi^ts an acid reaction to the juice. 


(B) Clearness oi the Juice. 

A second very important factor in the manufacture of white sugariis. 
the com^rlete removal of flie floating impurities, both those arising from 
the hard particles of the cane passing into the juice, and those precipitated 
from the juice by the clarification process and during evaporation. It is 
necessary not only to precipi^te impurities during clarification but also 
to remove them from the juice, w^ile the silica, calcium phosphate and* 
calcium oxalate, which become insoluble durthg concentration, and are 
apt to make the syrups cloudy or even opaipie, must be got rid of before 
the sugar starts crystallizing. The fine particles of insoluble mattdl left 
floating^ in the syrujj wiH form the nuclei of sflgar crystals, or will be 
incorporated between the lamellae of the g "owing crystal which thereby 
assumes a greyish hue, not to be removed by washing, the commercial 
value of the finished product thus being impaired. Apart from the 
necessity of having the juice as lightly coloured by dissolved substances 
as**vc can possibly make it, we ha\'e also to take into consideration the 
necessity of simultaneously making the juice and syrups as clear as we 
can, and every endeavour should be made to combin% these two re<iuire- 
menls in the n^^ny clarificafiai^rocesses proposed for the preiraration of 
white sugar fJom cane juice. 


(C) pecomposition of Sucrose* by Acids and Ferments. 

• 

As already stated, the sucrosS in juices, syrups, mjssecuites and 
molasses is very liable to become transformed into invert sugar by the 
action of acids, especially at high temperatures. 

^ • 

The crystallizable sucrose is thereby transformed into a mixtijjre of 
glucose and fructose, which, although sugars, do not crystallize, thus 
constituting a total loss for the practical manufacture' ■ —" — — 
injjprsion is to be avoided as resolutely as^ossible. 



Clarification of the Cane Juice 


In a pure solution of sucrose in water even the yiast traces of a 
mineral acid will occasion rather rapid total inversfon at the temperature 
of boiling water. However, as soon as the salts tif such organic acids as 
in their free state only possess a weak invertive power ate present the 
sqlutjon, the hydrolysing power of mineral acide is replaced by that 
of tfce much weaker organic acids, and that is why impure sugar solirtions, 
such as cane juice, can .stand with impunity a fairly lengjhy spell of 
•heating in a slightly acid reaction ; whereas pure sucrose solutions would 
certainly become strongly inverted. This fortunate circumstance should 
not, however, lead us to count too far, and ,we should, therefctfe, at all 
events limit the heating of acid Juices to the .shortest period possible 
and watch the hot acid juices or syrups A’ith the greatest care. • 

Besides acids, ferments and micro-organisms are apt to attack the 
sucrose, an action Vhich reaches *ts maximum at temperatures of 
about 30’ C. The ubi()mtous yeast-cells find in the acid and luke-warm 
cane juice, as it comes from fhe mills, an excellent medium for their 
devSoimient, and they very rapidly decompose cane juice if! which they 
are allowed to propagate and exercise their roll?. • , 

The first action of the yeast is to break up the sucrose into glucose 
and fructose, and afterwards these two sugars along with those already 
present m the juice are transformed into alcohol and carbonic acid, while 
at the same time some other bodies such as glycerin and non-vol^ile 
organic acids are formed. 

A second orgaifism, Leiieoiio.sfoc iiicsciitcrioUcx, causes the so-called 
“ dextran fermentation ” of the juice, by 'i^actijn of whkdi large masses 
of insoluble gummy substance are formed from the sug?irs* of the juice ; 
and this mucilaginous iiody may choke up pipes and plugs and cause great 
trouble in the factory ajiart from the loss of su'gar thus occasioned. An 
alkaline reaction is favourable* for the development of Leucouostoc, but 
its growth is a slow one in acid and neutral juice. t 

A third iirganism, called Bacillits levanifomtans, has been detected 
in cane juices, where it produces anotfter gummy substance bearing the 
name of levan. • 

t 

Lactic acid bacteria, which are found in large numbers in every so*il, 
also attai^k sucrose at ordinary temperatures and more rapTdly at some¬ 
what higher ones, ^thereby forming invert sugar and acid, and thus 
constitutiiu; a certain source d loss. 
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All these i\icro-organisms exert their action on the juices and syrups, 
in short, on all saccharine liquids of a lower dry substance content tlj,in , 
70 per cent. The reports of moulds or jjfiasts attacking syrups ^or 
molasses of a higher density have as yet not been fully confirmed, so 
that it IS sufficient to 'concentrate the sugar juices in order to prevejit Jhe 
furtlier action 5f micro-organisms. 'I'hey are also killed by heat^and 
therefore a«y loss of sucrose by the action of micro-organisms, and the 
ferments which they secrete, is best avoided, first, by observance of the 
greatest cleanliness in the gutters, strainers, measuring tanks, e^c., 
througli*which the raw juk^e Hows; and, second, by using short gutters of 
limited cajiacity, small sand-catchers or none at all, in short, by making 
the (V.riod during which the juice has to pass between the mill and the 
juice-heaters as short as jioss^ble. 


(D)^ Requirements for the various Processes 
of Clarification. 


We find therefoie the following uid speusable conditions for the 
practical execution of clarification in making white sugar: • 

'flic juice should be heated as soon as iiossible after being e.xtracted 
1)^ the mill, so as to prevent all action of micro-organisms. 

The reaction of the juice when at a high temperature should be 
either neutral or ^ily slightly acid or alkaline, jn order to prevent 
inversion by an acid reaction as well as coloration by an alkaline one. 

* A conqianltively large amount of lime should be used for clarification 
in order to remove as much as jiossible of the colouring matter derived 
from*the rind of the cane; and in order to avoid the solution of the 
saccharetm* frofli the floating iiarticlcs vf bagasse by the action of the 
lime, the juice should be carefully ddjirived of cush-cush ” by fine- 
meshed .strainers. 


If a large amount of liine,lias been used in the clariflcation process 
with a view to removing a very large amount of the impurities, the 

alkaline reaction of the juice should be eliminated before it is hejted. 

• • 

The wfcole clarification process should be accelerated from the njpment 

the juice flow's into the measuring tanks till it is pumiied into tlie evapora- 
torg, so as to avoid as far as possible all decompoiiition and coloration of 
tlft juice by too prolonged an exposure t5 hi^h temperalpres. 
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The methods available for the clarification of cane j^ice with % view 
to preparing it for the manufacture of white sugaj may be divided into 
three distinct classes;— 

1. Those of the first category have this charact^rjstic in common 

that clarification is effected with a comparatively,small 
amount of lime, and they are summarized under Defecation 
Methods. * 

2. The second category is based on the action of a large amount 

of lime on the constituents of .the cane juice, aivi as the 
excess of lime isaftei^vards removed.by carbonic acid these 
processes are known as Cafrbonatation Methods. • 

3. A third category includes processes aiming at the clarification 

or de<a)lorization of jiffces or syrups or even of dissolved 
sugars by vtlrious agents and contrivances, and these will be 
summarized under the heading of Special Methods. 



CHAPTER II. 


DEFECATION METHODS. 

** • 

\Vhen clarifying cane juice in the manufacture of raw sugar, we'jjiay 
confine ourselves to adding only so much lime to the mill juice, as will 
neutralize tie free acids and precipitate the acid phosphates in the^ 
form of flocculent tribasic calcium phosphate. The application of heat 
causes the dissolved albuminoids to coagulate, and the combined hea^y 
precipitate envelops the floating parti(Jes of cane fibre, the waxy substance 
and pjrt of the gums, thereby leaving a clear juice which may be Scanted 
after subsiding from the layer of mud. 

When crushing, however* a variety of cane, having a dark-coloured 
rind, or in general when crushing cane in a vejy powerful mill, so much 
colouring matter and so much of the gummy matter from the fibre will 
pass over ir^o the juice, that a good quantity of lime is require^ for 
obtaining a thorough clarification and a clear juice. If in such a case 
only so tnuch lime is added to the juice on tempering that a faint alkaline 
reaction is obtained, the clarified juice syphoned off from the mud in the 
subsiding tanks will be so much coloured and will contain so much gummy 
matter, that it could not well be used for the manufacture of white sugar. 
If jiiore lime be used, the colouring matter and the gums will be precipi¬ 
tated to an increased extent, and the juice will be rendered more suitable 
for white sugar manufacture; but the excess of lim^ has to be removed 
before the juice be heated, in order to avoid coloration by the action of 

the lime on redticing sugars temperatures. 

• • 

It is therefore necessary to temper the' juice cold (i.e., at the tern- 
peratifte e«t which it comps from the mills) with ^he proper amount of 
lime; to allow a certain interval for the actijin of tSe lime on the impurities 
to be complete; to neutralize the excess of lime with some acid that 
producej an insoluble lime-salt; to heat the neutral or slightly acid or 
alkaline juice to boiling point in order to coagulate the albuminoids; 
and then to separate the scums from the clarified juice by decantation com¬ 
bined with filtration, or if possible by filtration only. 

Possibly it is not so much the acflon of the lime on the gums and 
colouring m^ter which causes them to precipitate, but rather tjje atnount 
and the character of the precipitate formed from the lime and the acids, 
fovjfi many cases the order of treatment with the reagents is exactly 
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reversed, the acid being added first and the lime afterward/; and altljougl 
with this procedure there may never be an instant ijuring which the lime 
was in excess to exert ;i^y special action, yet* the impurities will be 
precipitated as completely as when lime had been added first anei the 
acjd afterwards. • *• 

*It is very probable that the beneficial effect of the* removal olf the 
colloidal gummy, slimy and coloured matters is chiefly •lue to the 
Tormation of a precipitate in the heart of the juice itself, which fixes those 
golatinous bodies by surface attraction and drags them to the bottom ; and, 
seen in that light, it is immaterial whether th^lime is added first? and the 
acid afterwards, or vice I’crsti. 't’he chief consideration is that the 
precipitate be formed in the juice and that it be of such a charactef that 
it will attract the colloitls. 



While lime is the universal main ingredient 
useTl in clarification, the acids employed in the defe¬ 
cation mtflhods are either sulphurous acid, or phos¬ 
phoric acid, oi combinations of both, r^hile in some 
pfocesses the action of the reagents on the.colloids 
is emphasized by the addition of other bodies, such 
as phosphates, kieselguhr, fuller’s earth and the like. 

'I'he principal acid reagent is sulphurous acid or 
sulphur fumes, while the ap|)lication of phosphoric 
acid is much more restricted and indeed is only ifSed 
as a complementary addition ; we shall therefore 
consider first the various motfes of application of 
sul|)hurous acid,*'V,rferali>’ callgd Sulphit^tion 
Methods. 

(A) SuIphitaTtign.. 

Continuous Sulphitation.— The oldest method 
of sulphiting cane juices dates from the beginning 
of the last century^and is still used in a great many 
sugar-houses. It is carried out in the so-called 
“ sulphur box,”*(Fig. 1), a wooden upright vertical 
chamber abOut 12 ft. high. At about every foot Ol 
height are fastened horizontal perforated plates c 
or some other dev ice intended to divide the flow of 


Flu.’ the falli»g juice into a shower. The sulphur f%mes 

Siilpliur itox enter* the box at the bottom through a pipe c.and are 
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drawn*upwards through the box by a jet of steam a at the top of the box, 
which acts as an aspir|tor. Tlie cold mill juice flows into the box at the 
top, falls on the topmost*plate, where it is divicjpd into a shower, trickles 
down*on to the next plate, and so on till it reaches the bottom charged 
with the sulphurous Scid from the upward current of sulphur fupias 
which*it has encdlmtered. 

A moreenodern and more compact apparatus consists of a tank, some 
4 to 5 ft. high, in which the sulphur fumes are conducted through a wide 
*pi|)e ending a few inches from the bottom. The fumes are forced int,v 
the juice by means of an injector, while tlie juice enters through a pipe at 
the bottom and overflows through a second pipe three feet over the level 
of theVirst one. 1 Hiring its passage through the tank it encounters the 
current of sulphur fumes, absorbs the sulphurous ai.id and Hows out 
charged with the jirojier amount of %as, which may ^e regulated by the 
velocity of the How of juice or by the cock of the injector. 



I 


Fir,. 

Continuous Sulphitation Tank 

Jf! another device the juice is sulphited in a tank (Fig. 2), in which 
two baffl# plates are fitted, which force the juict, pumped into the tank, to 
flow first down and afterwards upwards. These plate#.divide the tank 
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into three compartments: the juice enters in the first, A, ffesses thrctigh the 
opening between the bottom and the first baffle plj(te into the second com¬ 
partment B, where the current of sulphur fumes ‘s forced into it. Together 
with the bubbles of gas the juice passes through the opening between the 
toftand the second baffle plate into the last compartment C, whence it is# 
discharged by a pipe at the bottom saturated with sulphurous acid.* 

The Quarez system of continuous sulphitation (Fig. *S) makes the 
juice itself regulate the rate of flow of the sulphur fumes which it needs. 
<fere the juice frcm the mills runs through the pipe B into a tank Af 



which is divided into two compartments by a plate C almost reaching to 
the bottom; from here it is forced by means of a Worthington pump D 
tlirough the injector E, which is in dir&t communication with the supply 
pipe from the sulphur furnace G. Jiy this arrangement the amount of 
sulpflurous acid absorbed by the^cane juice during its course through «the 
sulfhitation column K may be regulated by the rate of flow of the juice, 
itself, wrtile no draught takes place and no sulphur is uselessly burnt if’ 
the current of jui^ is interrupted for some reason or other. Thf juice 
itself is pumped back info the second compartment of the t%nk A and* 
flows out bv the overflow M. 
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Although the juice which is injected through the Quarez apparatus 

has previously passed ^hjough a series of copper strainers which deprived 

it of the greater part of the “ cush-cush,” yet this does not at all preclude 

some'fine parti^.es of cane fibre passing along with the juice and at the 

end choking the apertures of the injector. We therefore recommend’thJt 
• • • 
two injectors be fitted to every apparatus, so that the operations may be 

continued w^th the spare one, in case the other has become cboked and 

needs dismantling and cleaning. 

* When working with the Quarez sulphitation apparatus, the flow ol^ 
juice and of gas is, as pearly as possible, regulated in such a manner that 
the jujee coming out of it has a* sulphurous acid (SO 2 ) content of about 
0-06 per cent., e<]uivalent to 300 grms. of sulphur per ton of cane. 

• In the older apparatus just megtioned, the absolution of sulphurous 
acid can not be pushed so far; the average ajjiount of sulphur, which 
after being burnt can be incorporated in the juice, does not exceed 100 to 
150 gims. per^ton of cane. , 

'I'hc large amoimt of ^sulphurous acid absorbed in the juice in the 
Quarez apparatus is certainly sufficient for the proper decolorization of 
the juice and for the production of an abundant jirecipitate with the lime 
added afterwards, while at the low temperature of the raw juice the 
degree of acidity mentioned abo\’e, if caused by the sulphurous acid, the 
hyd*)l}sing power of which is relatively weak, is not high enough to be 
dangerous. 

The sulphited juice is run or pumped into limitig tanks, where as 
much niilk-of-lime is added to ^ during its inflow that its reaction is 
neutrSl or very»siightly acid. 

The liming should be conducted so far that thitjuice does not impart 
a pink coloration to piienolbhthalein paper, nor a Kd one to blue litmus 
paper, in wliicli ca*se there is neither an excess of lime, nor an excess of 
free subjhurous acid sufficient to cause inversion during the subsequent 
heating oil defecation. 

As neutral alkali sulphites wAll cause the colour of litmus paper to 
turn blue, the fact of a sulphited anij limed cane juice not changing the 
colpur of litmus paper is not a proof 0 ^ its being just neutral. 0» the 
.contrary, owiijg to the action of the dissolved sulphites, a cane jjjice 
which, after the treatment indicated, possesses an exactly neutral reaction 
to litnjus paper is slightly acid by free sulphurous acid, and that is just 
,what*is required in the manufacture of whit# sugar. 
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The liming should be performed or at least completed in large tanks, 
provided with a stirring apparatus which kee^s fthe contents in slow 
movement. These tanks should have the capacity of half-an-hour’s juice 
supply, so as to facilitate the proper liming, which in this,case has only to 
bd finished once every thirty minutes. 

^ i t 

This continuous sulphitation should be adopted in every case where 
.it is thought advisable to sulphite first and lime afterwards, "it is evident 
that, notwithstanding the greatest care, it is not always possible to 
regulate the flow of juice and gas, and the sulphurous acid content of the 
latter, so strictly that the juice always comes o.ut with the same acid 
content; :md therefore it is not adr isabld to make use of this method of 
sulpirttation if it is necessary just to neutralize a limed juice, as in such 
a case it might become either too acid oi^be left still alkaline. Where 

% d 

the juice is sulphited first and neutralized afterwards with lime, there 
exists no necessity for a constant acidity and it is of no consequence 
whsjtever if the acid content varies in the sulphited juice to some extent, 

since later it is entirely neutralized by the lime in the liming tank. 

0 

If, however, the juice is to be limed first and sulphited afterwards, 
it is better to use intermittent sulphitation, as in that case the limed juice 
must be neutralized exactly by the acid. ’ 

Intermittent Sulphitation.— In the intermittent sulphitation process 
the limed juice is pumped into iron tanks, in which a curreiv. of 
sulphur fumes from a sulphur furnace is introduced, by which operation the 
excess of lime is neutralized, and can then be tested with phenolphthalein 
paper. As soon as the point of r t.°'i^ alitv is reaclied, the juice is 
discharged from the tank, which is filled again with a fresh porflon of 
limed juice, so that ej ery tankful is treated separately. 

* ‘ . 

Usually the sulphitation plant (Plate 1) consists of four or five iron 
cylindrical or rectangular tan'kt, each having a capacity equivalent to the 
amount of juice extracted per hour. A factory crushing 1000 tons of cane 
per 24 hours therefore requires a total sulphiting capacity of 9(50 gallons. 
The tanks are each covered with a lid fitted with a flue to allow the escape 
of the surplus gas. Further, they arp provided with valves for the ingress 
and'-egress of the juice, a speciaj, valve for the sulphur fumes with (pad 
an£ rubber fittings, and a perforated iron distributing pipe peaching to the 
bottom 6f the tank. A small cock fitted a few inches below the level of 
the juice, when tht, tank is full, permits of occasionally taking a ^sample 
of the contend in order tj c&ck the course of the neutralization. 
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•The ra^ carie juice is tempered with about 10 or 12 parts per 
thousand of its voliAie with milk-of-lime at 15”B6., pumped through a' 
juice-heater, which brings it at a temperature of 60° C into the sulphita- 
tion tanks, takipg care only to fill one at a time. During the inrush of the 
juice, the supply valve of the sulphur fumes is opened, and the current 
of gas is still maintained after the tank is full, until a sample of the 
contents taken from the test-cock and placed on a strip of phenolphthalein 
paper, or mixed on a porcelain tile with a drop of phenolphthalein 
solution, produces only a faint pink coloration. If at that point the supiriy 
of gas is slowly stopped, thb last trace of alkaline reaction will then be 
saturated, and the juice will b« neutral or slightly acid, though not yet 
imparting any red coloration to blue litmus paper. 

The current of gas entAs into the sulphitation tank through a per¬ 
forated supply pipe which reaches to the bottoii', and the contents of the 
tank are kept constantly in movement by the stream of gas and air, thus 

rendering any special stirring apparatus Superfluous. 

• • 

It has been scot tha^with the continuous psocess of sulphitation we 
stiongly advised the reader to keep the temperature of the juice low during 
sulphitation, whereas with the intermittent process we advised him to heat 
the juice up to a temperature not exceeding 60° C. The reason for this 
distinction is, that in the former case the juice is rather strongly acid during 
so»ie of the time, while it is always alkaline in the second instance. The 
sulphurous acid might invert the sucrose if the juice was heated, but 
in the alkaline juice^the sulphurous acid is at one# neutralized without 
being able to exert any inverting action. Next, it has been proved that 
at tsmperaturps^ot exceeding* 60° C, the lime at the concentration used 
here does not colour the glucose-containing juices,^so that this temperature 
is no» hif;h enough to dp any harm. On the other hand, a higher tem- 
peratuie fav«urs*the rapid absorption of th» gas by the limed juice and at 
the same time promotes the precipitatfon or the crystallization of the 
calcium^ sulphite formed by that action. The precipitate is therefore 
formed in the tanks, while when performing the saturation at lower 
temperature the formation of calcium sulphite partly takes place in 
the juice-heaters, thus causing a rapid incrustation and even choking up 
the tubes of these vessels. 
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(B) Clarification with the Aid of Rhosphoric Acid 
and its Salts. 

J^esides employing sulphurous acid for the neutralization of the 
aiKaline reaction and for the formation of a flocculent precipitate capable 
of carrying down the floating impurities m the form of a heav'y, rapidly- 
subsiding mud, mucb use is made of phosphoric acid, either in the form of 
th6 free acid, or of acid and neutral phosphates. 

Phosphoric acid and acid phosphates act upon lime just as does 
sulphurous acid, namely by combining with the free lime, thus neutralizing 
the alkaline reaction, while at the same time the tribasic calcium phosphate 
precipitated envelops the colloidal and other substances and leaves the 
clear, supernatant juice fras from suspended impurities. 

^’hosphoric acid and the acid calcium phosphates have, for many 
years past, found an extensive application in every cane sugar producing 
country. Formerly criiiie superphosphate, used alsiJ'as a fertilizer, was 
thrown into the juice, and later this rough method was somewhat im¬ 
proved upon by using an aqueous extract of superphosphate, but such crude 
procedures, which hai e the disadvantage of bringing not inconsiderable 
quantities of the very objectionable gypsum (calcium sulphate) into the 
juice, are very seldom met with nowadays. ' 

We prefer to usb one or other of the many pure preparations, which 
after reacting disappear totally from the ^uice without leav ing behind any 
impurities. 

Pure phosphoric jcid and acid calcium phosphates are sold under 
various trade names, such as “ soluble jihosphoric acid," “ Ehrlnannite,” 
“Albuslite,” “ Claryphos,” ‘ Snowflake,” etc., etc. These are'all pure, and 
all of them contain either phospiioric acid only or compounds of that acid 
with lime, which after being neutralized by the lime in the juice,.yield up 
all their phosphoric and lime content in tjie shape of the flocculent tribasic 
calcium phosphate, thereby clarifying the juice without leaving anything 
detrinjental in it. 

t ‘ 

tome manufacturers prefer the use of sodium phosphate instead of 
the acid phosphates, especially in cases where they only want to obtain a 
heav» prec'oitate whhout increasing the acid content. We do not approve 
of such a suDstitute, unles^ it*is administered in so minute an amoudt as 
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to4?e equally harmless and ineffective, and this for two reasons. In the 
first place, the sodium phosphate, that is to say the common crystallized salti 
of commerce, though it has a neutral reaction to litmus paper, is in 
reality an aci^ salt, in which one-third of the phosphoric acid content is 
free. If this* enters into reaction with a neutral calcium salt, so lhat 
tribasic phosphate is formed, the acid becomes free and in such t case 
the sodiuna phosphate does not fulfil its principal requirement. This is, 
however, not the worst characteristic as, after all, some dicalcium phosphate 
might be formed which is also insoluble; but the greatest objection is 
that without any necessity*.sodium salts are carried into the juice, which 
can never be eliminated, and jvhich*increase the amount of molasses to 
be expected from the juice and consequently also the loss of sugar in 
the molasses. If one really^'ants to form the phosphate precipitate with¬ 
out increasing the acid content, it*vill be useful to jdd, simultaneously or 
at least after a short interval, pliosphoric acichi.r acid calcium phosphate 
and the proper amount of milk-of-lime ^o neutralize that acid again. 

• • 

In many factories only jihosphoric acid preparations are used, while 

m others they are^Tnployed in conjunction with sulphurous acid in order 
to supplement the action of the latter. Tla; application of the phosphoric 
acid solution remains pretty mucli tlie same in both instances, though 
sometimes the amount to be added may be modified, but these quantities 
depend .,o much on the character of tlie juice and also on the personal 
opinion of tlie operator that no fixed rules can be given on that point. 

If the juice bwsulphited first and limed afterivards, or if no sulphur 
IS used and the phosphoric ^icfd be addeci fir.st and the lime next, the 
phosphoric Scifl solution is run into the juice at tlic rate of about 150 
to 200 grins, of the actual acid per ton of canciieforc it is pumped into 
the limifig tank. If ontf wishes to lime first an*l to sulphite afterwards, 
or if no sulphifation is wanted and only iViosjihoric acid is to be used to 
incr^se the precipitate or to promote its subsidence, the phosjihoric acid 
may be added to the juice mixed with the milk-of-lime, while the quantity 
is regulated entirely by the rapidity with which the mud settles in the 
subsiding tanks and by the rate of filtration in the filter-presses. If the 
subsiding is too slow, or the filter-press cakes arc too soft, an eflgrt may 
be made to improvee th defects by the addition of phosphoric acid and 
lime to the juice, and the amount of both will depend entirely* on circum¬ 
stances. But, excepting what has already been meijtioned on the subject, 
ni^tixed figures can be given. 
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The only item of interest is that usually the solution containing ^he 
"phosphoric acid is made up to a density of 20°Be., though it is evident 
that any other concentration will have the same eS'ect, provided that the 
total quantity of acid remains the same. 

• ♦ 

Recently a new phosphoric acid preparation has attracted some 
attention, the so-called “ phospho-gelose,” which according to the claims 
of the inventor consists of dicalcium phosphate and kieselguhr or 
infqsonal eartli, while some pamphlets also mention the presence of 
certain iron compounds whicli are niatle responsible for the conversion of 
glucose into carbonic and oxalic acids. We leave this last statement for 
what it is worth, and only take into consideration the action of the phos¬ 
phate and the kieselguhr. The process of treatment is very simple, as it 
only consists in mixin^t the cane juice, jyhich comes out of a suljihitation 
apparatus charged with sulphurous acid,.with sufficient milk-of-lime to 
give it an alkaline reaction, and_ immediately afterwards running in the 
“lihos^Jio-gelose,” and if necessary some additional kieselguhr. The 
mixture is kept in motion^^in large tanks by a stirring apparatus for 15 to 
20 minutes in order to give the reagent an opportunity to do its work, after 
which the juice is heated in the usual way. 

According to the recommendation of the inventor, the necessary 
amount of “phospho-gelose” is about 14 lbs. per 1000 gallons of juij-e 
for purities between 85'’ and 95", and about 22 lbs. for purities between 
75“ and 80". From «ther communications we also learn it is well to adc 
some more kieselguhr, the quantity being about half the weight of the 
“phospho-gelose.” 

The action of this few preparation is therefore identical \^ith tha' 
which has ruled for many dqcades, namely, the fortna^tion^of tribasie 
calcium phosphate from the acid phosphate and lime, while the subsidence 
is facilitated by the presence of kieselguhr, which moreover ha4 thi 
property of attracting slimy matter in its pores and therefore renders thi 
juice clearer. 

It Jras often been recommended to mix the cane juice with kieselguhr 
fine clay, fuller’s earth, and the like, in order to promote subsidence, am 
in one casA even the use of finely ground pumice stone was strongl; 
advocated ; but all thgse admixtures enjoyed only a short run of popularit; 
and were droppe^for a time to be resurrected once more some later dfy 
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(C) Heating the Tempered Juice to the 
• Boiling Point. 

When treated in one or other of the above mentioned ways with lime 
and acids or wifli only one of them, the juice is either cold or only luke¬ 
warm, and has next to be brought to the boiling point with a view Jo a 
thorough separation and coagulation of the totally or only partially 
precipitated impurities which are liable to be thrown down. 

This is done most expeditiously in one of the many designs ftf 
juice-heaters or other devices in which a rapid current of juice is pumped 
through pipes which are grouped in a vessel heated by steam, the juice 
being thus rapidly and economically heated to a temperature above 100° C. 
After a few minutes’ treatmeJit, the juice is he;ited to the proper point 
at which the impurities acijuire their maximun. densfty and are rendered 
as capable as possible of being separated from the juice by decantation, 

followed by filtration, or even by filtratidh alone. 

• • 

Yet, however rationally these apparatus for«the heating of the juice 
may be constructed, it would be imprudent to depend on them alone in 
> cases where juices loaded with so heavy a precipitate have to attain the 
proper temperature during their passage through their tubes. It might 
arise that owing to a very heavy incrustation of matter separating from 
th(? juice in the tubes, the transmission of heat would get so 'strongly 
hampered that, although the heater stood under the full steam pressure, 
the juice rajiidly parsing through the pipes would rfot be heated to the 
boiling point, and would offer an obstacle to the proper coagulation and 
hardening of«thie scums. As a rule heating will be sufficient if the 
area of the heating surface is well chosen in relation to the amount of 
juice and* its initial temperature; but as one is never quite sure, and as 
too low a (femffferature in defecation is ?io longer reparable, making 
itself ^felt during the whole course of tnanufacture and being greatly 
detrimeatal to the making of perfectly white sugar, it is advisable not to 
depend entirely on the juice-heater. We are safe if we allow the juice 
coming from the heater to pass through a common iron defecation 
pan, where the juice is heated by means of a steam coil. The juice 
enters through a pipe in the pan, is h*ted to boiling point and flows out 
again in Stn intermittent current through the outlet pipe in the bdttom. 
The juice boils fiercely, a process which can be actually seen and 
wajplied at a distance, making sure tb%t the proper temperature has 
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actually been reached; while at the same time all gas and air escape 
and so cannot occasion any disturbance in the settling tanks, whereas if 
they had remained in the juice, the continuous settling of the mud layer 
might have been interfered with by the bubbling up of some escaping 
gas or air. 

I t 

“It has been found that the incrustation or scale forming in the tubes 
of juice-heaters on heating sulphited juices (which principally consist 
•of calcium sulphite and sulphate together w'ith silica, calcium iihosphate 
a^rd fibre) adheres much more rigidly to iron than to brass tubes, while 
steel tubes become only slightly more incrustated than brass ones. This 
is a point which should not be lost* sight of when' ordering juice-heaters 
for factories in which the juice is sulphited. Further, it has been 
observed that when slightly acid sulpliit^'d juice is jiassed through a 
heater the scaling i^niuch less than in the case of an alkaline sulphited 
juice, and again that calcium suljihite crystallizes much more rapidly from 
a hot than from a cold sugar .solution. Calcium suIjihitc is an insoluble 
salt «,nd in aqueous solution it is precipitated at once oi> neutralizing 
sulphurous acid soluticun with lime or on treating ^a calcium salt with a 
solution of an alkali sulphite; but in sugar solutions this precipitation is 
retarded, all the more when the temperature of the liquid is low. When 
the cold juice in which the calcium sulphite is formed, but from which it 
has not yet precipitated owing to the inhibiting action of the sugar, is 
heated, the precipitation will occur suddenly and, indeed, that is just what 
is witnessed in juice-heaters, in which cold sulphited juice is being treated. 
Frequently, even after a rather short period during w|nch the cold sulphited 
juice has been pumped through the juice-heaters, thick layers of scale collect 
in the tubes, which sometimes acquire such dimensions,*tliat the passage 
of juice is blocked and the jiiice-heater can no longer be worked. 

r 

It has been found •that if sulphitation of th*e limed juice is performed 
at a higher temperature and tliesize of the tanks is ample enough to allow 
a rather long stay of the sulphited juice before it is pumped through the 
heaters, the precipitation of the calcium sulphite takes place in the tank, 
and therefore the tubes of the heater ace not so thickly scaled as when 
the juice is sulphited at a low’er temperature. 

fii the preceding pages it war, shown that a temperature of 60“ C ’’is 
still •low enough to be used in sulphitir.g the limed juice, afld indeed the 
reason why we advise sulphiting at that temperature is only that it is a 

reniedy a,.-'mst iperhstation in the tubes of the heaters. 

€• 
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I^owever careful one may be in operating in this way, it will yet be 
impossible altogether to avoid scaling the tubes, and some incrustation 
must always be expecte'B. It is therefore necessary to possess a juice- 
heater in reserve so as to have always another one clean and ready to take 
up the work, as'soon as one of those m use loses in efficiency, owing tp 
the scaling of the-tubes. 


(D) Separation o| the Precipitated Impurities 

from the Clarified Juice. 

• 

Many a trial has been made, and numerous have been the expectations 
aroused by the introduction of tome new clarification process that would 
succeed in filtering all the juice clarilted liy the delecafioii process. Now 
and then we hear reports of factories where all the defecated juice can be 
filtered through filter-cloth at once withott subsiding, and in such cases 
we have always envied those manufacturers, for in our lengthy career in 
many cane sugar prockemg countries, we have nc?er witnessed the act of 
juice extracted by powerful mills fro,a ordina.ry sugar cane being filtered 
giglit tiway through cloth after having ptissed through a defecation process 
only. We can fully believe that when the extraction at the mills is poor, 
so that only a little gummy matter from the cane fibre passes along with 
the Jliice, It may be jiossible to filter the juice in filler-jiresses of great 
capacity, but we should not like to take the responsibility for establishing 
a sugar factory and relying upon the possibility of filtering all the juice 
without first subsiding and dccatiting off the greatest jiart of the clarified 
juice, which may then jiass through some other filtei, but not combined 
with the scums. • 

* • • ' 

The new," plgispho-geloste ” process cljims to clarify the juice ac¬ 
cording to the method just indicated, in such a way that the juice from the 
heaters^may be filtered at once through filter-presses and may be separated 
there into clarified juice and hard scum-cakes of about 50 per cent, 
moisture. The filtering surface required is reckoned to be 600 to 700 
square feet for juices from 85° to 95° purity and from 800 to 900 square 
fee*l for juices of 75° to 80“ purity p(jr 100 tons of cane crushed per 
,24 hours. 

In some places this filtration has been performed without a hitch, 
thougfi we are not sure of its success with* every kind o| cane or with 
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every degree of extraction by the mills; but perhaps we are too pessjpiistic 
on that point. 

At any rate, up to now the usual way of handling the juice coming 
from the heaters has been to allow it to subside either inVn uninterrupted 
operation or intermittently in subsiding tanks. The clear juice on being 
decanted or syphoned off is carried to the storage tank of the evaporators, 
on the way to which it either passes through a mechanical filter or through 
a sieve of finely-meshed bronze gauze. 

The muddy layer at the bottcyn of the 'tanks or drawn through the 
cocks of the continuous subsidence apparatus is steamed and pumped 
through filter-presses, in which the scums are pressed together in the form 
of hard cakes, while the juice is ex pressed* and is united with the clarified 

juice in the storag^ tank of the eyajlbrators. 

• 

It is in most cases impus^ble to wash the scum-cakes in the filter- 
jireft;; while steaming them m order to recover as much of the juice 
contained in them is, ip general, also a failure with the scums obtained in 
the defecation process. The loss of sugar on 100 parts of scums is 
therefore rather considerable, but is fortunately counterbalanced by 
the fact that the amount of scums obtained on 100 parts of cane is 
relatively small. 

• 

Details as to subsidence, decantation, treatment of the scums and 
filtration may be Jound in any text-book' on cane sugar manufacture, 
and as there is nothing new in them in respect to tlie speciality of white 
sugar manufacture, we think we are justified in referriptg our reac^ers to 
those works, :md so refrain from repeating the information here. 


*C1. ■' fane Sugar and ite Manufacture." by H. C. Prinsen Geerligs., 
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CARBONATATION METHODS. 

All carbonatation methods of clarifying cane juice have the common 
principle of the addition of a large excess of lime to the juice and the 
neutralization of that excess by carbonic acid, the result being that the 
w^iole volume of juice may be passed through filter-cloth without any 
subsidence. 

The methods of carbonatation may be divided into two categories,.viz., 
those in which the glucose is left intact as much as possible, and those in 
which the total destruction of every tr^e of reducing sijpars in the juice 
IS effected. , 

The methods may also be divided into jingle and double carbonata- 
tion systems, according as the saturation with the gas is completed in ofle 
continuous operation or ig split up into two partial saturations, seiiarated by 
the operation of filtering the scums formed durmg the first period. 


(A) Methods in which the Glucose is left intact 

as far as possible. 

• 

It is a well-knijwn fact that reducing sugars, glucose as well as fructose 
are rather rapidly'»transformed into organic acids under the influence o 
alkaline reagents and high temperatures. Lime will Jorm a great many 
organic acid? on being lieated with a solution contaiiyng reducing sugari 
and will form liiTie-sMts with those acids. I'hfc action is the more rapid 
the higher the temperature, while the character of the acids formed varie 
likewise with the temperature. At the ordinary temperature of tin 
atmosphere the action will be rather^slow, and colourless products will bi 
formed, such as saccharinic acid, lactic acid and the like. At tempera 
tures over 55‘’C, the reaction will be much more rapid, while a multitudi 
of dark-coloured products will be produced, which cannot be precipitate' 
by the carbonic acid, and therefore \fill remain in the juice, being after 
wards broken up into simpler compounds, such as acetic and formic acids 
humin gubstances, carbonic acid, etc. 
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The inference from these observations is that if it be desireci to keep 
tlie rcducinp; sugars in the juice as intact as possible, and to prevent any 
formation of lime-salts in general and of objectionable dark-coloured 
lime-salts in i)articular, the temperature of the ju^ce must be kept 
1 law so long as the alkaline reaction is still a strong one, work at the sam* 
ttme being accelerated so that the excess of lime does not act for too long 
a period on the glucose in the juice. 

Yet the limed juice should not be saturated at ordinary temperature, 
for m that case the absorption of carbojiic acid is only slow, while the 
prccijutate formed in the cold liquid is much more difficult to filter than 
in hot working. In order to save time and filtcr-jiress capacity in carbo- 
natation it is necessary to saturate at a somewhat elevated temperature, 
and in order to prevent too greaUi dcconqiosition of the reducing sugars 
with the formation of dark-coloured products, it is wise to heat to as low 
a temperature as possible, choosing the highest temperature which is still 
hgrmless, viz., that of 55“ C* 

The chief action of the lime on the colouring matter from the rind, 
the gums, and the albuminoids is again a precijiitating one, while 
the carbonic acid gas causes a preciiiitate with the lime, whjph 
envelops the floating impurities and forms so thick a layer of calcium 
carbonate that the slimy particles are incorporated among the hard 
granules, forming together a mass which is readily separated fttnn the 
juice by filtration through cloth in presses. The cakes formed there arc 
so permeable, that they can be washed with ^-ater and exhausted by 
steam, so that the loss of sugar is only small. In fact, notwithstanding 
the large percentage of carbonatation scums per l(j!) parts of dane, the 
sugar content m th| washed cakes is so small that the total loss of sugar 
is generally the saiye as that occurring in the defecation ifcud, which is 
richer in juice, but considerably less in quantity. 

The only criterion of proper liming is the manner in whicB the juice 
issues from the filter-presses. If it runs out freely, we might try tee 
decrease the lime and see whether tlie same effect is still produced with a 
smaller amount, while if it flows from the presses with some difficulty, 
it*is advisable to increase thegaddition to the next lot of juice and* thus 
improve upon the earlier work. 

It is therefore evident that the amount of milk-of-lime cannot be 
stated once (pr all; it grea*ly depends on the purity of the juice,and its 



Carbonatation Methods 


29 


content# of gummy and slimy matter. Within wide limits, however, vi'e 
may give the quantity of milk-of-lime to be employed as 7 to 10 per 
cent, by volume of the juice using milk-of-lime having a density of 15° Be. 

• 

• Intermittent Carbonatation. The cane juice from the mills, after, 
having passed through the strainers which deprive it of the greater pifft 
of the “ cush-cush,” is heated to about 55° C, and pumped into the car- 
bonatation vessels through an ojien gutter, into which is run themilk-of-lime 
s« that the juice is limed during its passage from the pump to the . 

carbonatators. * 

, • 

These last are iron tanks (Plate 2) sometimes open, and sometimes 
covered with an iron plate provided with a lid, permitting samples of the 
contents to be taken from time to time and allowing eiiUar.ee to the tank 
for cleaning it. A chimney carries off the escaiiing gases, while a coil, into 
winch steam may be admitted, can serve to heat the juice if necessary, 
and iron perforated pipes in the form of a'coil or cross are provided j,or 
introducing the carbonic acid. A pipe of large diameter reaching to the 
bottom forms the inlet ffir the limed juice, vhile the saturated liquor with 
its precipitated calcium carbonate and impunta's is discharged at the end 
of the operation by means of a vah'e at the lowest part of the inclined 
bottom of the tank. 

A* soon as the limed juice flows into the carbonatation tank, the 
carbonic acid supply is ojiened and the saturation starts at once. Care is 
taken to fill the tank orrfy half full, for m the first stage of the saturation 
the carbonic acid,combines with lime and with sucrose to form a very 
viscous combinattoif, termed “hydro-siicro-carbonatc of lime” which offers 
such a resistance to the bubbles of carbonic acid as ti*cause the formation 
of much frofli, which fiJls the whole empty space left in the cai bonatation 
tank. Even if*the*i)recaution has been taken to fill the tank only half 
full, this Jrothing may be so violent that the mass would overflow the 
^tank if the^id were not well-closed, and sometimes would even rise into 
the chimney, causing the inner suiface of the latter to be coated with 
cane juice and calcareous mud. At the same time the absorption of 
carbonic acid is very slow, so that much of the gas escapes unutilised 
through the viscous mass and up the chinlViey. After some time, however, 
the gelatinous compound is gradually broken up, because an increased 
amount of the calcium hydrate is turned into the carbon^e by combination 
with carbonic acid, the juice becomes more liquid, and the^carbonic acid 
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is again better utilized, until a moment arrives when the precipitate settles 
rapidly, and a sample taken from the tank separates into a bright coloured 
alkaline liquid, and a greyish-yellow, rapidly subsiding precipitate. 

Single Carbonatation. —Up to the stage reachjpd here, the pro- 
’cedure is the same in both single and double carbonatation, but after thaf 
there is a difference. In single carbonatation the carbonic acid is admitted 
until a sample of the juice gives a iaint pink reaction to phenolphthalein 
paper, after which the supply is slowly shut off, so that the juice becomes 
'just neutral to the test paper. Tliere is no fault in slightly over-carbonif- 
tating the juice at first, because, there is always a danger of particles of 
unslakcd lime present in the milk-of-lime gradually slaking and giving off 
freehme to the juice, causing an alkaline reaction, and leading to trouble in 
the filter-presses. It is therefore advisable to allow the saturated juice to 
remain in the carbonatation tank* for a few minutes after the point of 
neutrality has been reached. It is thVn tested anew by means of phenol¬ 
phthalein paper, and if the coloration obtained by the juice is stronger 
than a very faint pink tinge, the current of gas should be turned on till the 
dark pink reaction tftis reverted to a \'ery feebl*; one. In this case the 
lime is almost entirely saturated and the ideal degree of alkalinity is 
attained. The juice is heated by means of the steam coil to a temperature 
between 50“ and 55“ C, and is filtered through presses without subsiding 
or decanting. 

Notwithstanding all efforts to have a milk-of-lime as fre* from 
unslaked lumps as possible, and notwithstanding the precaution taken to 
leave the saturated juice standing a few minutes‘lo allow those lumps to 
be slaked and yield their lime, it is not impossible, that some calcium 
hydrate will still become dissolved during saturation &n9 impart a rather 
strongly alkaline reaction to it. So long as the temperature is not over 
55“ C, this alkaline itiaction will do no harm whates'cr, but it will certainly 
darken the colour of the juicf by decomposing reducing sugars when the 
juice is heated before entering into the evaporators, and naturajly in the 
evaporators too. It is therefore wiser to transfer the filtered juice to a, 
sulphitation tank, in which it is brounfit into contact with sulphur fumes 
which neutralize the last traces of alkaline reaction and communicate an 
acid reaction; this is, in the opinion of many sugar manufacturers, a 

favourable condition for the manufacture of white sugar. 

« • • 

\\^e use here the term “ alkaline reaction ” and not “ lime ” because 
there wi"' always be some alkaline reaction in carbonatated juicf., which 
is due to potash and cpnot therefore be neutralized by carbotitc acy 
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unless Qi^er-carbonatation has taken place and potassium bicarbonate has 
been formed. As, however, this combination is again broken up by 
heating, the alkaline reaction of the potassium carbonate will reappear 

and do its detrimeijtal work at the high temperature. 

• 

* Cane juice always contains some potash combined with acids capable* 
of giving insoluble calcium salts, among-ttliich phosphoric acid isfoiemc* t 
and perhaps also sulphuric acid, as the juice will contain potassium 
hydrogen phosphate and potassium sulphate. Lime combines with those 
acids and liberates the potash. This alkaline body remains in the juice with' 
the large amount of lime added during Jlie process, but after saturation 
the latter is thrown down by the Arbonic acid, while the potash remains 
in the caustic state as long as there is any free lime left. As soon as the 
last portions of free lime have lieen neutralized, there are present in the 
Hijuid both lime-;alts and potash, wliTch latter becomes potassium car¬ 
bonate and keeps the juice alkalinc'so long as it is not cwer-carbonatated. 

It is therefore not only the unslakeif lime which afterwards njay 

render the juice alkaline again, but it may also be the potassium 

# • 

bicarbonate, which is broken up into carbonic acid and potassium 
carbonate, and accounts for the return of the alkaline reaction. 

Both are to be avoided, and this is best done by allowing the filtered 
juice, as it comes from the filters in a hike-warm condition, to pass through 
a continuous sulphitation tank, just as has been described on page 15. 
The juice flows into the tank and sulphur fumes are admitted at the same 
time, while a test-cock •placed in the wall of the tank a few inches below 
the juice level peimils the taking of samples in order to test the degree of 
acidity of the jutce* 

It is nijt feasible to use litmus or phenolphthaleif! paper here, as, first 
of all, the atnijisplj^re* is too much charged i^ith adld fumes to keep the 
paper in good condition, and furthermore many manufacturers desire to 
give the*juice a fixed degree of acidity, .so that a chemical analysis is 
necessary to estimate the proper acidity. 

The sulphitation should be conducted so far that the juice is neutral 
to litmus paper, in which case it is in reality acid, for when it is titrated 
with NMOO potassium hydroxide solutten it will need an appreciable 
number of c.c. of the standard sSlution to make it neutral to,phenol- 
phthalein as an indicator. This phenomenon is due to the fact that, after 
sulphj|ation, all the potassium sulphite and jome of the calcium sulphite 
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are dissolved, and produce a rather strong alkaline reaction to litiHus, but 
are neutral to phcnolphthalein. When coni]jlete neutrality to phenol- 
phthalein is reached yet more sulphurous acid is admitted, the acid reaction 
of that body to litmus will neutralize the alkaline rcactk)n of the salts, so 
• that a momevt conies when the liquid is neutral to litmus, but is in reality* 
af id. This point is the very one which is most suitaJiie for the manufacture 
of white sugar, for then the reaction is not too acid to cause inversion 
during heating. We therefore sulphite the juice till complete neutrality 
»towards litmus, hut, as mentioned above, the exact point of this neutrality 
c.annot he ascertained in the vicinity of the tanks or sometimes in bad 
light, so we .ascertain once for all with wJiat real acidity this point coincides, 
and next sulphite tdl we have reached that point, in the manner discussed 
in Part III. 

m 

Double Carbonatation. — It has been observed th.at when the limed 

* 

juice IS tre.ated tiitli carbonic acid till a neutral reaction occurs, some 
imjHirilies which had been thfoun down by the lime, and were insoluble in 
the alkaline juice, are redissoivcd in the juice from which they had been 
removed in the first instance. This iihenonienon* is clearly shown by the 
aspect of the precipitate, which in the .alkaline slate, at the moment of its 
rapid settling, is gelatinous and yellowish, but becomes grey and granular, 
as soon as the point of neutrality is attained, while dark-coloured bodies 
are dissolved from the scums .and pass into the juice. ^ 

Many manufacturers therefore prefer first to filter the grc.at bulk of 
the precipitate in a still alkaline state and renioj’C the last parts of the 
lime in a second carbonatation tank, so as to make the juice neutral 
without any risk of dissolving alrc.ady precijiilated* wnpurities,* which 
process bears the name of Double Carbonatation. At the same time the 
danger of contamination of the clarified juictiby particles of fime slaking 
subsequently is totally avoMed. Even if an inferior llind*of milk-of-linie 
has been used, containing a large portion of grit and hard lumps which 
will slake after saturation and pass into the juice, the.se only jjicrease the 
alkaline reaction of the filtered juice.^ But this is, at any rate, entirely 
done away with in the usual course of the second carbonat.ation. 

• Especially in those days before the second saturation with sulphurous 
acid had been thought of, double carbonatation had for.the lak nanie^ 
reason & distinct advant.'ige over the former process, though this has now 
decreased to soni# extent; but since the first reason has lost norjp of its 
significance d^iuble carbonaAtion still finds maiiv adherents. 
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Tte limed juice is treated exactly as has been described on page 29, 
and is carbonatated until a sample of the juice poured into a cylinder glas^ 
rapidly separates into a brilliant layer of juice and a rapidly settling 
precipitate. It is advisable to have a row of such glasses and occasionally 
£11 one with a sample from the tank in order to judge of the precipitation. 

This rapid precipitation occurs as soon as the alkalinity of the juice 
has come down to about 500 mgrms. of lime per litre of juice; but as 
the proper point might be exceeded, in general an alkalinity of 400 mgrms. 
of calcium oxide (CaO) per litre is met with in practical working. At that 
point the juice, which h^s a temperatures of about 55“ C or has been 
warmed up to that degree, is disdharged into a storage tank and then 
filtered in presses. 

The alkaline juice coming fftim these is pumped for the second car¬ 
bonatation into tanks which differ in cdfistruction f:om those for the first 

* carbonatation.' ’Hicy are not cov- 
ered^as the juice does not froth 
and for that same reason they may 
be filled to thwbrim. A coil or cross 
distribu.or for the introduction of 
carbon .c acid reaches to the bot¬ 
tom, while the contents may be 
warmed by means of a steam coil 
or a Witkowitz heating apparatus. 
The use of the last-mentioned ap¬ 
paratus is to be preferred over that 
of a coil, since the juice has to be 
heated from 50" to about 100“ C 
within a shortrfime and therefore 
the Witkowita heater (Fig. 4) is 
d * better suited to the task because 



WitkowiP. Heater. surface. 

Sometiiues a very small amount of milk-of-lime is added to the juice, 
and sometimes this is omitted. Nex* the carbonic acid supply is turned 


on and steam is admitted into the heating apparatus or into the coils, sc 


that the juice becomes simultaneously hot and almost neutral. • 

The carbonatation is continued till the iuice only gives a faint pink 
coforation to phenolphthalein paper and immediately afterward/ it is 


discharged from the tank into a storage tank, from whkh it is passed 
through ^Iter-presses. 
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The juice coming from these, owing to the high temperature which 
it possesses, cannot contain any bicarbonate; yet it may still have an 
alkaline reaction as a consequence of its contaming potassium carbonate, 
just as has been shown on page 31. In order to malje the juice neutral 
' or even acid, it can be passed through an apparatus for continuous sulph^- 
tStion where it issulphited exactly in the same wa^ as was discussed under 
the heading “ single carbonatation.” 

The time necessary for the saturation of the lime in .the tanks for 
single carbonatation, or in those of the first stage of double carbonatation, 
depends on the amount of lime, on the carbonic acid content of the gas, 
on the shape of the tanks and also on the character of the juice, so that 
no fixed rules can he given as to the duration of “ gassing.” When 
calculating the carbonatation capacity one is, however, justified m 
allowing 25 minutes for carbonatation up to the settling point, the time 
required for filkng and emptying included, so that the volume of these 
tanks (viz., those for sii^'le carbonatation and those for the first 
saturation in the double process) must be equivalent to the amount of 
juice produced in h«Jf an hour’s time. The second carbonatation only 
requires a quarter of an hour, also inclusive of filling and emptying, so 
that the capacity of the tanks for the second carbonatation need only be 
half that of those for the first one. In tins case it should be understood 
that by “ capacity ” is meant the actual working capacity and not the 
total capacity. This makes no difference for the second carbor.atation, 
in which the total volume of the tanks may be utilized, but in the first 
carbonatation it must be remembered that the tanks are only half filled, 
so that the total space that is actually used and that required on account 
of froth must be taken as equivalent to the amovhtiof jg'cc'extracted 
per hour. , 

Sometimes the juice of canes from ‘certain fields, especially those 
having a soil rich in humus or heavily manured, or jmee ffom fallen or from 
immature canes, containing an enormous amount of albuminoid matter, 
can become so thick and froth so violently that saturation is seriously 
protracted. In such cases the greater part of the carbonic acid passes 
unutilized through the liquid in large bubbles, a feature which prolongs 
the saturation time to twice or thrice its ordinary duration. Little can be 
done to prevent this excessivd foaming, though theoretically ft might be 
comteitted by an increased addition of lime. The usual expedients 
resorted to in the factory to eliminate the froth, namely, pouring a little 
oil on top cjf it or beatingiit down by means of a jet of steam\hlown on 
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its surface, are quite insufficient to keep that heavy foam within its 
limits? while the resort to heavy liming, which might combat the evil 
is out of question in ao practical way, because the cost is too high. 
Moreover, the saturation of the excess of lime requires extra time, while 
finally the 'argeriamount of press-cake involves a larger loss of sucrose 
in it. • 

The best way of treating such refractory juices is when crushing to 
mix the cane which yields them with cane from other normal fields and 
ffiereby diminish the influence of the impurities in the troublesome juice. ^ 

Dc Haan's Modification.*' —The tiresome loss of time, of carbonic 
acid, and of space, induced de Haati to modify the method of adding the lime 
to the juice. Instead of adding all of it at once and having a strongly 
alkaline juice to .saturate to a slightly alkaline reaction, in course of which 
the gelatinous body is formed, de Haafl adds the lime and the carbonic acid 
during the whole run of the saturation, so that the alkaline reaction re¬ 
mains constantly slight, and the objectionable gelatinous compound is not 
formed at all. Hence the frothing period is avoided ; the slow absorption 
of the carbonic acid is* not experienced; loss of that acid does not take 
place; and the whole of the capacity of the carbonatation tank is utilized. 

After passing the raw juice through juice-heaters until it reaches a 
temperature of 55'^-60''’C, it is run into the carbonatation tank, and as 
soon as the latter is filled, a certain volume of milk-of-lime at 20° Be is 
run in slowly, the gas being then turned on. Through a test-cock small 
amounts of the contents of the tank are continuously drawn off, and tested 
with a titrated paper" of an alkalinity of 20 mgrms. of lime (CaO) per litre, 
so that when this^ special paper gives a neutral indication, it means that 
the alkalinicy mehtibned has been reached, though ordinary phenolphthalein 
paper will, of course, be coloured strongly red. This indication being 
obtained, more milk is run in* and “gassing” continued, always keeping the 
alkalinity of tl?e juice neutral to the special paper. The workman has 
therefor^ only to regulate the flow of the milk-of-lime according to the 
indication lof his test-paper, while the current of gas is kept on con¬ 
tinuously. When the total amouiA of milk-of-lime found to be necessary 
has been added to the juice, the operation is finished by allowing the gas 
stilHo pass in till the juice is neutral to the ordinary phenolphth^ein 
• __ _ 

^Archief voor de Suiheriiidustrie in Nederlaiidiche-Indie, 191.3,1541; International Sugar 
Journal, 1914, 1,31, 438. ^ 

'“Paper soaked in a solution "f r.l>onnlr,V>tlial«in onH nvalir arid of a certain 
xonceiftration and dried. 
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paper, after which it is treated just as has been described before in 
discussing the ordinary carbonatation methods. 

It was found that by this modification the form of the calcium 
carbonate is more crystalline than in the usual process, .whereby a better 
filtration is obtained and less milk-of-lime required to produce a readily ^ 
filtering precipitate, while the purification of the juice is better, owing to 
the better preservation of the reducing sugars as a conse<iuence of the 
slightly alkaline reaction. 

' The great advantage, however, is the avoiding of the frothing period,*’ 
by which tank space and time are saved, so that the capacity of the 
carbonatation tanks may safely be half that of those used in the older 
process. 

Weinrich’s Process.’ —Weinrich has'patented a process in which the 
cane juice is submitted not only to 8ouble carbonatation, but is enriched 
with sugar from former operations which has been separated from the 
mol^isses in the after-products/ 

To this end the second and third sugars of the factory or, if it is 
desired, also raw first sugar is mixed with raw cane' juice, m a suitable hori¬ 
zontal mixer, into a magma. Neither the mill juice nor the sugar should 
be heated previously, so that the temperature of the mixture does not 
exceed say 30“ C. This magma is run continuously from the horizontal 
mixer into a vertical one, provided with agitators. This mixer hears at 

4> 

the bottom a wide goose-neck pipe, which has a height of about 3 ft. to 
provide for a continuous outflow, regulated by the inflow' of the magma. 
To the magma is added continuously through a sefeen or sieve a certain 
amount of powdered quicklime, the quantity of which varies according to 
the amount and quality of the juice and the raw sugar. If, for instance, 
1000 tons of cane arfe crushed in 24 hours and 100 tons of sugar mixed 
with the juice, the totld amount of lime-powder to be used should be from 

' ‘ t, 

14 to 20 tons. This amount of lime w'hen added to the magma will give 
it a whitish colour, and turn it into a rather stiff mass. Owvng to the 
small amount of water, it will slake very slowly, so that the* mass will , 
still contain some unslaked lime when Being pressed out of the goose-neck 
pipe, which will take place 15 to 20 minutes after it first enters into the 
mixer. Through the action of the slowly slaking lime, the temperature of 
the mass will be raised during this time to 45“ or 50“ C, fhus remaining 
below th'at of the destructive action of lime on glucose. 


U.S. Patent. 1.084.771, January 20, 1914. 
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Tlie mass, treated as above, is run continuously into a series of 
carbonatation tanks prowded with stirrers, which tanks have been 
previously filled about 4 ft. high with raw juice, having a temperature of 
about 35‘’ C. As.soon as the mass begins to drop into the raw juice, the 
•stirrers are set in motion and the introduction of the inagdia is stopije^ 
after a layer to ij ft. deep has entered, raising the level to 5i to 54 ft. 
As soon as the desired quantity of the mass has been mixed with the 
juice or a few minutes before, carbonic acid is pumped into it till 
sample of the same taken oqj settles rapidly ; and after this the juice is* 
treated in the ordinary way by the double carbonatation process. The 
density of the juice enriched by tl*e sugar will be 25“ to 30“ Hrix. 

Simultaneous Saturation^ith Carbonic and Sulphurous Acids.— 

Calcium sulphite crystallizes m a cqprser form than the carbonate and, 
therefore, it has been tried with success to replace part of the calcium 
carbonate in the precipitate by sulphite, therehy lendcring the scums 
more easily filtered and permitting a decrease in the amount of Ifciie. 
'I'his mav be done by ^introducing some sul|)hurous acid fumes into the 
carbonatation tank along with the large amount of carbonic acid. It is, 
how oxer, understood that this modification may only be used so long as 
the juice is still alkaline and on no account may it lie continued w.ith a 
neutral juice which at the same lime I'oiitains the precipitated carbonate. 

When using it in the double carbonatation process, the sulphurous 
acid should be jiassed in with the carhonic acid and turned off together 
with the latter, as soon*as the iirecipilate settles well and while the liquid 

IS still,alkaline. . 

• • 

When applying it in single carbonatation, ihe su|r|)ly of the sulphurous 
acid should*bo shut off the jiioiuent the juice settles rajiidly and is still 
alkaline. No«ulphurous acid should be apjibed after that stage, but the 
saturation should be completed by means fif carbonic acid, while finally 
the last frci,ccs of alkaline reaction may be removed by snljrhurous acid 
after the precipitated calcium carbonate has been filtered off. 

It is evident that if one continues the supply of sulphurous acid to the 
mujjdy juice till a neutral reaction is obtained, then the sulphurous acid 
would attack ^le carbonate, liber.ate cifrbonic acid, and be completely 
wasted without any compensating advantages whatever. 

CCntinuotts.Carbonatation. —Instead of treating every tankful of 
*juice Separately, attempts have beei^ made to, saturate Mie limed juice 
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The clear juice from the second presses is evaporated to aljout 65 
per cent, of solids, sulphited to slight alkalinity or neutrality, again 
filtered through presses dressed with the same* material as the thin-juice 
presses, and Iho resulting syrup, which is clear, brilliant and rather free 
from colour, is ready to be boiled for a strike of white sugar. 

I ( 

* We see at once that the small differences in the carbonatation and 
sulphitation of the juice m Battelle’s process are an outcome of the fact 
that the glucose has been destroyed to begin with, so that heating in an 
.alkaline state later on cannot do any harm. ' 

Tn the processes described above, care must be taken not to heat the 
alkaline juice for fear of coloration, and that is why the juices arc kept 
cold or rather lukewarm so long as tliey are alkaline. 'I'hey are filtered 
cold after the first carbonatation, and the Ifist traces of alkalinity sulphited 
out before evaporating or the juic8 even kejit slightly acid, all for the 
same reason. Aa m liattelle’s (irocess the glucose is destroyed at the 
commencement, it is (|uitc. immaterial whether it be heated and 
evaporated with a faint alkaline reaction, since sucrose in that case is not 
attacked at .all, as is •known from the experier.ce of the beet sugar 
industry. In fact, the clarification by liattelle’s process has, jiractically 
speaking, turned the cane juice into beet juice. 

The great difference as compared with the older methods is that in 
their case every precaution is taken to keep the glucose intact, and i{. it is 
necessary to have the juice alkaline, the temperature is maintained so low 
that the formation of coloured decomposition products is avoided as far as 
possible. 

'I'hc result however of liattelle’s experiments is thht^only in ''•>e cast 
of the incoinjilete destruction of glucose by lime at high temireratures 
will the saturated jume contain in solution the dark-colourednlime-salts 
whereas if theie is an exegss of lime and the boilingcs pursued so lonf 
that all the glucose has been attacked, the greater part of the lime-salti 
and in fact all the coloured ones will be precipitated durinj; *'ihe firs' 
carbonatation, thus leaving a colourless and glucose-free juice flowing ou 
of the filters from the first saturation, w^iich may be treated and exhauster 
in just the same way as with beet juice. 

'We must confess that this bold way of doing away with the^glucosi 
in the juif e has impressed us very mucW, after our long experience with colt 
carbonatation and with the trouble encountered in the factory if, perchance 
the temperaure in the carbr^natation tanks had risen Pver 60° C,for i 
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not tc# brief period. After having seen, however, the almost colourless 
juice quite free from glucose obtained by boiling cane juice with an 
excess of lime and saturating it to an alkalinity of about 500 mgrms. 
of CaO per litre, we were convinced I'f the possibility of obtaining a 
, clarified juice which would be at the same time neutral,colourless, and 
free from glucose. * 

The principal point is that the excess of lime must be considerable 
and the boiling be continued long enough to have all the glucose 
•decomposed. The amount of^hme greatly depends on the percentage of 
glucose in the juice and may vary between T5 and 3’5 per cent, of the 
weight of juice. As an indisp*ensahle factor with this method is the 
extraction of the molasses by Steffen’s process, in which sucrose is 
precipitated from the dilute iTiolasses solution in the form of calcium 
saccharate, there is always a good pdJtion of tha' material m the factory, 
which is used instead of quicklime*. ■ » 

As soon as the saccharate comes dito the juice, it is brokejj up 
into sucrose, which unites with that amount already present, and also into 
lime, which at the high* temperature attacks the f?lucose and also throws 
down all such impurities from the juice as .nay be precipitahle bv that 
reagent. 

The raw juice is strained, then limed in a receiving tank with 
only,so much lime as will exactly neutralize the acid reaction, after which 
it passes through a juice-heater or a Demmg suiierheater, and is run into 
the carbonatation tanks to be mixed with the necessary amount of calcium 
saccharate from small tanks above each carhonatator. After having been 
expos^l^ to the W^h temiierature for a sufficient time to break up the 
glucose, the siituration is started as indicated. • 


(C) Separation of the Clarified Juice 
and the Scums. 

The carbonatation methods ^re characterized by the fact that all 
the juice is filtered through cloth without subsiding or decanting, so that all 
floating impurities are withheld by the filtering material and ar% not 
clragged'along^w'ith that part of the liquid which is only syphoned off and 
is sent to the evaporators without any filtration at all, or wBich may 
undergo some filtration through mechanical filters, nen er with complete 


success. 
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The filters used for separating the scums from the saturated catbona- 
tation juices are either Beeg, Kroog, Kelly or sojie other system, while the 
cakes are usually so well permeable, that a thorough washing is possible, 
the sugar content of the washed cakes being reduced to ^ very satisfactory 
^e^rce. ' ' 

As we have showed before, this desirable result can only be 
obtained if the cakes are pressed dry m the presses, and whether this 
can be done depends entirely on the work of the sugar-house. If the 
amount of lime has been deficient, it is seen that the precipitate does 
not become firm enough, and that* is wh^ the tempering of the juice with 
lime has to be regulated according to the velocity with which the juice 
leaves the filter-presses. 

« 

If by some inadvertence, a ra*bonatation tank is discharged before 
the rapid settleimjiit of the scums begins, it is obvious that also in this 
ca.se a bad filtration will follow, since then the gelatinous hydro-sucro- 
carlronate of lime will not have been completely dccomiioscd, through 
which fault in the wor^ not only is the flow of thf juice hampered and a 
too large amount of juice left in the scums, but, also, no inconsiderable 
(luantities of sucrose enter into the insoluble compound and therefore 
add to the total loss of sugar. If however the amount of lime is well 
chosen, the saturation conducted to the jiroper iioint, the pressure of the 
pump strong and especially regular enough, and the cloths clean without 
being iucrustated with dirt from former operations, one may be certain 
not only of a good filtration but also of :i pres^-cake capable of being 
exhausted as far as desired. 

• ^ . . 

It must not be forgotten that the recor'cry of tbe*sug.li irom the 
scum-cakes requires^he use of water which has to he evaporated again 
and theieby may bufden too much the evaporating capacity. It is 
therefore wise to restrict the washing to such an extent that the expense 
and trouble of evaporating the wash-waters is not greater than the price 

of the sugar recovered. ‘ 

• 

In order to avoid the accumulation of too large amounts of water to 
be evaporated, the washing of the scums in the press is done on a rational 
basts in many factories by only* adding the first denser swcet-\jatefk to 
the juic% and using the later and mor4 dilute washings fflr the washing 
of the next press. To this end the presses are washed first with the 
dilute wash-waters from a former operation and the juke coming out is 
added to the cfarified jui<»3 so long as it has a content of 4“ Brix or overt 
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Next file press is washed with fresh water till the juice has a density of 
1° to 2“ Brix, then the latter is run into a tank, from whence the water is 
taken with which to wash the new presses. In this way the cakes are 
sweetened off to a small percentage of sugar and yet the dilution which 
the juice undergoes is not a serious one. 

In some factories the scums are taken from the first carbonatation 
presses without washing them, after which they are transferred into a 
•evolving drum and therein mixed with water until they are made into a 
thin paste. This is filtered *in a second set of filter-presses and the 
sweet-water used for the maceration of the bagasse in the mills. The 
scum remaining in the presses is discarded from the factory as exhausted. 

The foregoing discussion 8nly relates to the scums filtered from the 
single carbonatation, and from thos# of the first carbonatation in the 
double process, but has no bearing'on the filtration of l«ie juice from the 
second carbonatation nor from the sulplujrous acid saturation after the 
carbonatation jirocess. The scums arising therefrom are so insignificant 
that the filters may rSn hours at a stretch witlwmt any necessity for 
changing the cloths, and then it is sufiicient .o wash the same a little in 
the press to have the loss of sugar reduced to a minmiiim. The loss on 
filtration lies with the heavy scums and should be well controlled there, 
while it IS comiiaratively harmless in the filtration of the second carbona¬ 
tation juice. 



CHAPTER IV. 


SPECIAL METHODS. 

Resides tlie two kinds of clarification niethixis for the removal of the 
greater part of the imininties and for the obtaining of a clear light-coloured 
•juice, there are also a large number of spet'ial processes intended to take 
away colouring or shiny substances from the already )iartially clarified 
juice and make it more adaptable for tl*e purpose of white sugar manu¬ 
facture. 



Fig. 6 
Char Filters. 


TheSe may be applied to the clarified juice, to the syrup, to -the 
massecuitc ^'r evi*n to the molasses, and they will be considered here 
according to the stage at whi*h they are used. 
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(A) Mcthods».for the lurthcr Purification 
of the Clarified Juice. 



Animal Charcoal or Bone Black.-- Anirftil 

charcoal or boue black is an excellent absorbent 
of colourinf> and f'unimy matters, which are 
both condensed in its pores and thereby removed 
from *the juice. Aith()Uf>h it niif'ht be jio.ssible 
to aiijily »iminal charcoal to the raw juice, from 
a practical standiioint it is indis¬ 
pensable to use It only for the 
* juice winch has been clarified 
. beforehand as fiy as possible, and 
is dejinved of all floating particles, which mij'ht 
choke Its pores and render it inactive a Iflng 
^tiiiie before its real .ab^sorptive power was 
exhausted. 


"fe. 


;\iiinial charcoal is used in the form of 
coarse pieces free troin dust, which are packed 
in large iron cylinders (I'lR. 6 and 7) provided 
with a iierforated false bottom. The hot 
^ clarilied juice is luiured over the char, and 
tiickles through it, losing its colouring matter 
• '* . some of its odour, while its soluble sul- 

Seciion ot Clirir Filter. phatcs are for the grekter jxirt transformed into 
• sohjile calcium sul|)hate. The decolorized juice 

runs from a cc*k itt the bottom of the char fistern, and is sent at once 
to the eva])orators. 



(Iradually the animal charcojl over which the coloured juice has 
passed for a long time becomes saturated w'ith the colouring matter and 
other impurities and is incapable of absorbing more, and so a rex ivifymg 
process is applied to render it active agai«. d o this end the char in the 
ersterns is w'asiied with water till the density reaches 1-T’ Hri», while 
the wa.sh-waters are collected with the juice. After t^iat, it is washec 
further,and the laSt washings discarded. 
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After this operation it is taken out of the cisterns and boiled with a 
solution of sodium carbonate which dissolves any colouring anS slimy 
matter present and transforms the calcium sulphate into calcium carbonate. 
It is washed again (Fig. 8), and then treated with a rather dilute solution 
of hydrochloric acid, which dissolves the calcium carbonate as calcium 
‘cl^loride. Tlfis treatment with hydrochloric acid has to be done very 
carefully, and certainly not more of the acid should be employed than is 
strictly necessary to re-dissolve the calcium carbonate formed from the 



Fio S 

Charcoal Washers, 


gypsum. In its natural state animal charcoal contains 
carbonate which should be preserved, since it is an indispensable con¬ 
stituent for the action on colouring matter. If, therefore, by too copious 
a use of hydrochloric acid all the calcium carbonate be dissolved, the 
revivified product would not serve the purpose so well as it would have 

do»e if some calcium carbonate had been left in it. • 

• 

Tlif purified material is washed Ivith water from the%ot-well till the 
calcium chloride has been removed, afterwards being conducted to a 
dryer in the form of a cascade or trip, and heated by the flue gases of the 
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calcination oven. It is next passed into this calcination oven (Fig. 9), and 
heated by a coke fire in absence of air to a certain temperature, being 



Cliar Ke\ ivificatioJ Kilns (Knd Elevation), 
discharged after a certain time through refrigeratjpn tubes shut by 

automatic valves which allow the revivifi|d and cooled char to be with- 

1 * 
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drawn from time to time without admitting air into the oven. .White 
spots on the char may show that notwithstanding the precautions taken 
air has entered the hot oven through leaks in tfie ironwork, which defect 
must therefore be remedied. 

« 

• The re\’i%ified animal charcoal is sieved in order to remove the’ 
dust, after which it may he used again, although it has not its full 
decolorizing power, which now may be reckoned to he three-quarters 
of what it originally was. 

The amount of char necessary for the decolorization of juice depends 
largely on its quality and on that of tlif juice, but if its weight be made 
up with fresh material so that the (luality remains pretty well the same, 
we may take the quantity required to be 2^ per cent, of the weight of the 
sugar expected from the juice. ^ 

Decolorizing^ Carbons: “Eponit,” “Norit,” Noir epurci etc.— 

The decolorizing material in animal charcoal is chiefly the carbon which 
it contains, although, as has been mentioned before, the inorganic con¬ 
stituents are not without some action. As the ai«ount of carbon in the 
animal charcoal only amounts to about 12 per cent., it is obvious that the 
same decolorizing effect could be obtained with a much smaller amount of 
some material principally consisting of carbon. Further, the rei ivification 
of the char is a tedious operation, especially as the drying and calcination 
require much time, attention and fuel, while, finally, its use is a hindftmee 
to the sale of sugar thereby decolorized, if it is intended for the Indian 
market because of the religious prejudices of the IJindoos. 

For these three reasons the use has been recommended of prepara¬ 
tions of vegetable or mineral origin, having a high carbon imntent, and 
being either so clieaf that re\ivification is unnecessary or e|,se capable 
of revivification withefUt bejng dried or carbonized. .Among the many 
decolorizing powders and preparations we might call attention to 
“Ejionit,” “ Norit” and Noir epure, which are all highly carbozaceous, 
very finely powdered preparations, the origin and manufacture of which 
are kept strictly secret by the patentees.* Strohmer' describes experiments 
made with “ I'lponit ” in the decolorization of refinery liquors (clairces) 
upon which he found decolorizing carbon to exert a much stronger 
decolorizing power than animal charcoE^, but since that iiuHication sugai; 
literature*h!is contained little on this subject. Dr. Wijnberg has taken 

--^-* -- - . • 

^Qsterf.-Ungar, Zei^sch, Zuckerind., 1910, 087. • 
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out patents' for the decolorization of cane juice with these kinds of 
decolorizing carbons, and ^chiefly for the revivification of the rather 
expensive material, from which patents we quote the following 
particulars: 

The cane juice clarified in the usual way with lime is saturated wi^ 
sulphurous acid until 100 c.c. of the juice require 10 c.c. of N/lOO alkali 
for neutralization to phenolphthalein. To this juice is added from 0'3 
to 0-5 per cent, of decolorizing carbon, after which the mixture is boiled 
or heated by perforated steam* coils for a quarter of an hour. The 
juice is now filtered in a filter-press, by which operation a colourless 
liquid is obtained, which is sent to the evaporators. 

The decolorizing carbon is»taken from the filter-press and boiled 
with a solution of sodium carbonate Of bicarbonate or of caustic soda, 
the concentration of which is 10 per cent., but may be stronger or 
weaker. The liquid is filtered again and the carbon in the press washed 
first with water, next with a dilute solution of hydrochloric acid to 
eliminate the last traces,of alkali, and finally with,water again till the 
washing water has only a neutral or faintly acid reaction. The carbon 
remaining in the press after that treatment is immediately ready to be 
added again to a fresh portion of the sulphited clarified juice which is to 
be decolorized. 

Sometimes the finely divided carbon passes through the filter-cloth 
with the current of juice, and has the disadvantage of causing a trouble¬ 
some dark'-coloured haze. This may be avoided by mixing the carbon 
beforehand with kieselguhr (infusorial earth) or other substance of a 
similar naiuic» If‘one fears to contaminate the carbon with the 
kieselguhr, the latter may also be mixed separately with the already 

decolorized juice and filtered through a mechanical fiher. 

• • • 

According to the patents, the very fine carbon is mixed with water 
or cane jittce to a homogenous thin paste, which is carried by a screw 
•conveyor to large mixers from which it is added to the slightly acid 
cane juice. The mixture thus obtained flows into a receiving tank, 
from whence it is pumped through juice-heaters into a storage tank, 
and there ,kept hot till it is pumped thjough the filter-presses. Tlte 
residue remaining behind in the presSes is discharged into a guttei; from 


> United KingdrmVatents, No. 11,860, of May ISttu 1912 ; No. 21,204, of Sept. 26th 
19J1. International Sugar Journal, 1912, 720., 
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which an Archimetiian screw propels it into a vessel where it is boiled 
with soda solution. Filtration through presses follows, in which the 
carbon is washed with water, with acid, and with water again, and finally 
is discharged in the first-mentioned mixer to start its journey anew. 

e 

^ The inventor claims that his carbon, “ Norit,” may be revivified S,r 
unlimited number of times, and that it is only necessary to add new 
carbon in order to make up that portion which is lost during filtration in 
order to continue to work indefinitely. 

C 

The process has been tried a few tunes, when it appeared that the 
absorbent really collected so many slimy substances from the juice 
together with the colouring matter that the juice could be filtered 
through cloth. As yet, the process hac not been api)lied in the regulai 
work of a factory where powerfpl mills extract the juice from the cane : 
but it will, we understand, be given n trial in 1915 in Java. 


(B) Methods for the Clarification of the Syrup. 

During evaporation .almost e\'ery cane juice, even that which had been 
filtered through cloth in presses after having been clarified by the carbon- 
atation jirocess or by animal charcoal, assumes again some turbidity, while 
in general the colour is darker than can be ascribed to the concentration 
alone. When comparing a syrup after its dilution to the density of the 
thin-juice with the s.ame thin-juico from which it originated, the colour of 
the former will always be found to be somewhat davktr atra consequence 
of the overheating and caranielization of some of its constituents at the 
elevated temperature. At the same tim^, constituents which had beer 
dissolved in the great bulk of thin-juice at the high temperature of the 
clarification process may crystallize out for three reasons; firijtly, because 
of the diminished quantity of the solvent (in this case water) which has 
been evaporated; in the second plate, because of many lime-salts beinf 
more soluble in weak than in concentrated sugar solutions; and in the 
Jhird place, because the temperature in the last vessel of the evaporating 
plant is much lower than in fhe clarifiers or in the filters, scf that many 
bodi^ also find an opportunity of crystallizing out. Most of those 
imimrities deposit on the tubes of the evaporators, but a good part remains 
in the syrup, making it tu«bid. 
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Syrsp from carbonatated juices, or in general from every juice which 
has been filtered through cloth during the clarification of the cane juice, 
may be filtered again through mechanical filters or through filter-presses 
dressed with cloth ; but syrups from juices which in their dilute state have 
b^n syphoned off without having passed through filter-cloth aannot be so 
treated. * 

It is clear that one of the first requirements for a syrup intended to 
yield white sugar is that it should be clear and free from floating par¬ 
ticles which might form a nucleui*for the crystals or miglit crystallize with 
the sugar, giving it a dark tinge. TJiis rectuirement is as necessary as a 
light colour, and perhaj^s it is the more important of the two, and therefore 
much care ought to be taken to^free the syrup entirely from insoluble 
impurities. Those juices which, owing to their content of gummy matter, 
cannot be filtered through cloth should be allowed U subside* just in the 
same manner as was shown in the description of the dofScation process. 
The syrup coming from the evaporators is boiled in an eliminating pan 
and run into settling tanks where the impurities subside and the clear 
sujiernatant syrup is decanted off. The scums are pumped to receivers 
for the raw juice which has passed througti die measuring tanks, thus 
undergoing again the whole course of clarification ; while the clear decanted 
or filtered syrup may still be clarified, decolorized or bleached by one of 
the follc^wing methods for the further treatment of the syrup. 

Filtration over Animal Charcoal. —The syrup which either by fil¬ 
tration or by decantation has been deprived of its floating impurities is run 
into the char cisterns described when dealing with animal charcoal 
filtration ot ihc-4hiir-juice (page 45). The best and most economical way 
of employing the char is to use the filters filled with bhe fresh material 
first for the syrup and afterwartls for the clarified thin»juice, and this for 
two reasons ; firstt to gir e the thick-juice the advantage of the most active 
material; and next, to saturate the exhausted char with the most diluted 
^uice and theveby save wash-water at the revivification stage. The 
amount of char for the decolorizatioiFof syrup is about 5 per cent, of the 
weight of sugar to be expected. 


has been observed that the most favjurable density of the syrup lies h^ween 
26“ and 28“ Bd. measured hot. If the density is higher the subsidence is too slow and 
too difficult, while at a low density the scums settle rapidly as far as they are formed 
but the quantity separating from the juice is too small, so that the purification is 
incomplete* 
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Sulphitation ol the Syrup. —Whereas animal charcoal •actually 
removes the colouring matter of the syjup, sulphurous acid only 
bleaches it temporarily, but at the same time it reduces the ferric salts 
in the juices and syrups to ferrous salts which are colourless and do 
not crystallize together with the sugar in an acid syrup, so that a syrup 
sulphited to a rather considerable acid reaction will yield on further 
concentration white crystals which after having been washed will remain 
colourless a long time after delivery. 

For this purpose the reaction of the syrup should be distinctly acid, 
and although the inverting action of the sulphurous acid and of the 
organic acids which it liberates from their combinations is not a great one, 
yet it is prudent to keep the temperature of the sulphited syrup 
comparatively low, i.c., below 70° C, 

Filtering and subsiding reriuirQ.on the contrary a high temperature 
for the proper separation of the dirt, and so the syrup should be filtered 
or decanted first at a tempenature as close to the boiling point as possible, 
after which it should be cooled (if it has not become cold enough during 
subsiding) previous to its being exposed to the action of the free sulphurous 
acid during sulphitation. 

This cooling may take place in tanks pror ided w'ith coils through 
which cold water flows and carries off the surjilus heat, or the syrup may 
be pumped through a juice-heater, the casing of which is filled with 
water; but at any rate the syrup must come into the sulphitation tanks 
with a temperature between 65“ and 70“ C,"never exceeding the last 
mentioned point. 

This sulphitation may be performed either interniTttently or con¬ 
tinuously. In the first method, sulphitation tanks of the sjme design as 
those used for the sulphitation of the raw juice,are^ employed, which 
have as the only difference a stirring apparatus {Plate 3). 'J'he raw 
juice is thin and mobile enough to be kept in constant moCion by the 
current of gas which induces circulation and complete admixture of the 
contents, so that one part of the" juice cannot become over-saturated 
while another is still alkaline. 

' The syrup, however, andistill more so the molasses, are much t"hicker, 
and »vhen sulphiting these it is well to have a stirrer operating irf the 
tanks in order to distribute the current of gas throughout the liquid and 
prevent its passing out in.a partly unutilized stream.* 
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Th» syrup was already neutral or slightly acid at the moment it 
entered the sulphitation tank, so that in this case the reaction of the juice 
fails to give an indication as to how far to proceed with “gassing.” We 
therefore regulate the sulphitation according to the amount of sulphurous 
a<;id in the syrup, which is determined by titration with Ij/100 iodine 
solution, and regulated by the decoloration of the syrup. • 

It is not feasible to give fixed directions as to the amount of sul¬ 
phurous acid to be used in the treatment, since the variety of cane, the 
ntfethod of clarification, and even^the design and shape of the evaporators, 
greatly influence the amount of colouring matter to be bleached. The 
degree of sulphuring is regulated In the simplest way by experimenting 
now and then with one tank, which is constantly watched during the 
operation. From time to time Samples are taken from the tank during 
the influx of the gas and poured in a te*t-tube, all of which, samples are 
placed in a rack. The colour of the* samples is inspected, and in the one 
in which a further addition of sulphur fumes causes no further decrease of 
coloration, the amount of sulphurous acid is determined. In the following 
tanks sulphitation is continued until the syrup ha^ absorbed the same 
amount of gas previously shown to cxei. the m. ximum decolorizing power 
with the smallest amount of sulphurous acid. When passing on to another 
cane variet) or in case of any great change in the temtiermg of the raw 
juice, the amount of sulphitation required should be determined again, but 
if no cTi ange has occurred, the figure found once wall hold good a long time. 
Although, as has been said, no fixed rules can be given herein, yet we 
may say that for the manufacture of white sugar, sulphitation is usually 
pursued till an acid content of from 1 to 1 '5 grm. of sulphur dioxide (SOj) 
per litrtThttS b<*fn attained. 

The continuous sulphitation of the syrup is descaibed by Harloff and 

Schmidt’ IS iollows: * • 

• * * . 

“ The continuous sulphuring process of concentrated juice is effected 

by means «f two saturation tanks. In the first tank the filtered or subsided 
(juice is roughly sulphured to just below the required point for the maximum 
bleaching, while but little sulphuroifs acid is admitted to the second tank 
in order clearly and easily to observe the final reactions. The supply of 
sulphurous acid to the first tank may remain unaltered, while the supply 
stqp-cock of the*second is turned on air oflTaccording to requirement. In 
both tanks the juice should be admitted from below and run off af about 

- -- --s- 

* •' Plantation White Sugar Manufac^re," page 109. 
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the same level. From the second tank it simply runs to the syrup supply 
tanks.” 

The proper point to which the admission of sulphur fumes should 
be continued is determined again by titration with N/lOO iodine solution, 
as will be described in Part III, Section IX. • 

' The temperature of the acid syrup is never above 70” C and in most 
cases will be lower; in the vacuum pan the temperature should also be 
below 70” C, so that there need be very little fear of inversion of the 
sulpbitcd and rather acid liquor. Yet it sjiould not be omitted to determihe 
daily the glucose ratio of the un^ulphited syru|) and of the first massecuite, 
provided that there has not been any feturn of molasses between these two 
stages. If the glucose ratio is found to liave risen, there should be great 
suspicion of tile syrup having been too 4cid, and steps should be taken at 
once to remiidy this possible errtr. Besides, the vapours coming from 
the vacuum paij in which tlie sulpbitcd syrup has been boiled contain 
sulphurous acid, which at the high temperature and in combination with 
water vapour and oxygen from the air will form sulphuric acid, so that 
the pipes, domes, saye-alls, and in short all the ironwork of the dome of 
the pan and the save-all and also of the condenser will be corroded. This 
is more keenly felt in factories where a so-called “ central condensation ” 
is in use, because there will be in that case much more opportunity for ‘ 
oxygen to enter into the piping than where every pan is only connected to 
its own condenser and air-pump. Much may be done by paintfng the 
inside of domes, pipes, condensers and save-alls with a coating of paint 
or enamel proof against acid and hot vapour, this being renewed every year; 
yet there is no security that the paint will not break off at some such ex¬ 
posed spot, w'hen both an inverting action on the sucrose »nd a corroding 
action on the ironwprk of the pans and conducts may occasionally prepare 
unpleasant surprise.% for both chemist and engineer. 

• , * » 

Hydrosulphites: “Blankite.”- It should not be a matter of surprise 
that where the powerful bleaching action of the sulphurous aci^ is recog¬ 
nized and appreciated, endeavours should have been made to avail one’s, 
self of those properties without rumiing the risks connected with the 
acid nature of that chemical; and that is why the introduction of the very 
strong reducing and bleaching agent, sodium hydrosulphite or “Blank'te,” 
which bleaches in a neutral mAlium^as well as in an aci4one, was hailed 
with rtithusiasm, notwithstanding its very high price. 

Sod’ -m hi*drosulphite oxidizes very rapidly when moist, and still 
more rapidly in solution, foiming sodium sulphite and sulphate, * that it 
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must bf stored dry in drums or barrels and never kept in solution. It is 
advisable to purchase the hydrosulphite in such small packages that one is 
sufficient for four or five days only. In this way it only remains for a 
short time exposed to the moist atmosphere and can be entirely used up 

before it becomes’seriously deteriorated. 

• 

The bleaching action of the chemical, though a very powerful one, is not 
lasting, since the colour, as in every case of bleaching with sulphurous acid 
preparations, re-establishes itself again after exposure to the oxygen 
8f the atmosphere. Since the ^ydrosulphite is extremely expensive, any 
return of the colour eliminated at a high.cost must not be made possible, 
and therefore this agent should 6e added to the syrup at the very last 

moment, namely in the vacuum pan just when the grain is formed. 

• 

The proper charge per pan is weighed out (care being taken to use a 
dry s|)atula) mixed with a good proportion of syiup, and Srawn into the 
pan through the butter-cock, after which the cock is \?ashed with some 
water, which is also drawn into the pan# The solution should not be 
loo concentrated and should not contain undissolved hydrosulphite, for if 
a strong solution or even part of the powder comes into contact with the 
uncovered copper coils or the calandria in the vacuum pan, it might be 
decomposed and form a patch of copper sulphide, which would be 
detached by the crystals in the pan, imparting a black instead of a white 
colouf to them. 

The charge stated by the manufacturers is one part of the hydro¬ 
sulphite per ten thousand parts of dry sugar obtained, but m many 

instances double that amount is necessary to obtain a good decolorization. 

% 

Sodium hydrosulphite has been introduced into the sugar industry 
by the Badische .\nilin und Sodafabrik of Ludwigshafen. A hrench 
preparation, caljed*** Redo,” is calcium hydrosulphite, and is claimed to 
possess the same properties as the sodium salt; up to the present it has 
chiefly fofind employment in a number of French sugar factories. 

Bach's Process.— Another method of combining the bleaching eflfect 
of sulphurous acid with a neutral reaction, to which is added the 
possibility of filtering the syrup from a juice clarified by the defecation 
process, iS tlie gyrup sulphitation method advocated by Bach. 

• _ • ^ 

In this process the cane juice is clarified in the usual way as il 

intended to yield ordinary raw sugar. It is therefore tellnpered with jus' 
sufficient lijne to produce a good sep%ratioif of clarified juice and muc 
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when the former is decanted off, the latter filtered in filter-pressgs, and 
both decanted and filtered juices concentrated to syrup without any 
elimination, filtration or addition of chemicals. 

The hot syrup coming from the evaporators is mixed with lime at the 
rate of 2 to 2'5 per cent, milk-of-lime of 15“ Be. on the volume of the syru^ 
and sulphitcd at once to a neutral reaction. The copious precipitate thus 
formed occludes the floating and slimy impurities in such a thorough 

manner that the syrup may be filtered through cloth in filter-presses. 

« 

The syrup comes out freely with a light colour and great brilliancy, 
while the press-cake of calcium sulphite, calcium sulphate, silica, and 
slimy, gummy and colouring matters is so coarse, that it may be washed to 

a sugar content of 2 3 per cent, of sugar with an amount of wash-water 

0 . 

equal to 1 per cent, of the \'olume of the original raw juice; and, if it 
were considered necessary to procelid further with the washing, practically 
all tlie sugar couj-l be recovered froifi the scums. It was found that a 
large excess of lime was indispensable, for if the amount of lime added 
to the syrup was reduced below a certain maximum, which has to be ascer¬ 
tained by experiment, the proportion between the calcium sulphite and 
the slimy matter becomes such that the scums do not filter well. 

It is not so much a specific, action of the lime which accounts for 
the formation of the good filtering precipitate, but the formation in the 
liquid itself of a precipitate capable of enveloping the colloidal impurities. 
If, for instance, the juice is sulphited first to the eiiuivalent of 2 to 2'5 
per cent, of milk-of-lime by volume, i.c., to a perAicntage of 3-4 grms. of 
sulphur dioxide (SO 2 ) per litre, and the milk-of-lime immediately added 
until a neutral reaction is obtained, the same result is produced; and if 
one fears that the ai^tion of that quantity of sulphurous acid would be too 
strong, the acid and,the lime may be added slowly and simultaneously, 
if only care be taken that' the amount of lime does nof fall below the 
limit ascertained, and that at the end the reaction is neutral. The syrup 
is filtered through cloth and may afterwards be sulphited to & slight acid 
reaction in order to obtain the best white sugar. As filtration is conducted 
without special heating, and therefore at the temperature at which the 
syrup left the evaporating plant, no cooling is required previous to the 
after-sulphitation, but the syrup from the filters is pumped through 
an apparatus for continuous sulphitation, where it is “gassed” to'a 
consent of 0-6 to.0'9 grm. of sulphur dioxide (SO 2 ) per litre. This is a 
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much ^smaller quantity than that used in ordinary syrup sulphitation 
and perfectly harmless both as regards the dangers of inversion and 
corrosion. 


(C) Methods for the Purification of the Molassesr 

The molasses spun off the first or second sugars in the centrifugals, 
•from which a further growth of crystals is expected, always contains* 
suspended impurities, which ought to bq removed before a new crystalli¬ 
zation takes place, for the reason Already mentioned several times, namely 
that they might become occluded in the crystal and impart to it an unde¬ 
sirable coloration. And even If they do not enter into the crystal, but 
remain suspended in tbe motber-liqu«r they can then do .harm, because 
they make the thick molasses viscous and it is difficult to spin off the sugar 
crystals. Further, molasses from a badly boiled massecuite containing 
much false grain, or molasses spun off hot,*may contain a multitude of fine 
sugar crystals, which ought to be dissolved beforetjie molasses is used for 
further crystallization, either by being conce itrated for a second boiling 
or returned to a first boiling for dilution ^r desaccliarification. In the 
first case when the molasses is boiled smooth, the minute crystals will 
settle on the coils and become charred, or they will cause an irregular 
c^?frillization being mixed with crystals which form during cooling. If 
returned into first inassecuites, the small crystals will find much larger 
ones already formed, atid although they may grow during the last stage of 
the boiling process, %eir size never reaches that of the larger ones, so 
that here ag<w very irregular product will ensue. For these reasons all 
molasses which serve for further crystallization shogld be reclarified, and 
to this en^ they are run iiko an eliminating pan #nd heated by a jet of 
steam entering* through a perforated pipe. ‘The apertures of the pipe 
should be made downwards in order to prevent their being choked by 
subsiding d'rt during the time that no steam is admitted. A greasy froth 
which contains all the floating aijd suspended impurities of the molasses 
appears on the surface and is skimmed off. At the same time the steam 
and the resulting dilution dissolve the fine crystals present in the molasses, 

so that ar clear liquor is obtained having«i density of about 70° Brix. 

• * * 

Molasses from syrups which have been filtered previously may be 
filtered again at ^is stage of the process, which may b^done in Danfik or 
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similar mechanical filters; but, on the whole, the molasses is not fit to be 
filtered, and the skimming of the steamed and diluted product will in most 
cases remain the sole purification to be applied. 

In some factories the molasses is sulphited afto' its clarification. 
The clarified rtiolasses is treated in a sulphitation tank, just as is used ii? 
the sulphitation of syrup, but in this case the use of a stirrer is quite 
indispensable, as otherwise the gas would merely pass through the liquid 
without mixing with it or affecting it. There are no rules to be given as 
to how far this sulphitation should be pqrsued; in factories sulphitin^ 
their molasses this process is continued only for a couple of minutes; and 
as, in general, the decolorization obtained at so late a stage of the manu¬ 
facturing process is very insignificant, it does not make any notable 
difference if the molasses sulphitation be totally omitted ; but the elim¬ 
ination, dilution and skimming, Aid if possible filtration, should be 
scrupulously obsq'ved. 



CHAPTER V. 


ADVANTAGES AND DISADVANTAGES OF THE * 
DIFFERENT PROCESSES. 

In discussing the advantages and tjie defects of the various processes 
described in the foregoing cha))t6rs, we must make a distinction between 
the great majority of methods in which the glucose (or reducing sugars) is 
kept intact as far as possible, ^nd the ones in which it is deliberately and 
purposely destroyed. 

It is a well-known fact that the final molasses of fane sugar products 
can be reduced to a far lower quotient of,purity than that of beet sugar 
and it is also well-known that the presence of the large amount of glucose 
in the molasses accounts for that phenomenon. K is not the place here 
to dwell lengthily on the subject, which has been treated extensively in 
other works,' and we will content ourselves with the statement of the fact 
that in the beet sugar industry tbe limit of crystallization of the molasses 
i^jJjout 60 quotient of purity, whereas it is about 40 in the cane sugar 
industry." That is to say that on every 40 parts of non-sugar in the 
clarified juice 60 parts of sucrose must be lost in tbe case of beet juice; 
while with cane jiyce the unavoidable loss of sucrose in the molasses 
is 4(i on every 60 parts of non-sugar present in the clarified juice. 

On eliminating the glucose from the juie'e the quantity of non-sugar 
diminishes; but, strange as it may appear, not th^t of the sucrose lost in 
the molasses per ^lart of non-sugar. It is jost the part of the non-sugar 
which remains in the juice which is the strong sucrose binder, w'hile the 
glucose* oii the contrary, by its action causes sucrose to crystallize out. 

The removal of the non-sugl&r, glucose, is therefore the cause of more 
sucrose remaining in the juice than when it had been left there, which 
fast will be clearly understood from the following reasoning. 


*Cf.: H. C. Prinsen Geerligs’ "Cane Sugar and its Manufacture." 

‘These values 40" ^nd CO" represent the real purity obtained By dividing the actual 
sucrose content by tbe dry substance |nd multiplying by 100. 
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We shall for convenience’ sake leave out of the question the #ugar 
which crystallizes out and only consider the molasses, and find the 
composition of a typical cane molasses to be as follows;— 


Sucrose . 

32 

ReSucing sugars ... 

.. 23, 

Other non-sugars ... 

25) 

Water . 

20 


100 

• 

Quotient of purity .... 

40'’ 


On 48 parts of total non-sugar 32 parts of sucrose are lost, and 
supposing that a method of eliminating alHhe glucose or reducing sugars 
without any formation of soluble Ijine-salts or decomposition products, 
were found, the non-sugars other than gipcose remain what they were, viz., 
25 parts, but its sucrose binding power is that of the non-sugars in the 
beet molasses, with which it now shares the same character. As 40 parts 
of that non-sugar are known to immobilize 60 parts of sucrose, the 25 
parts of the non-sugar immobilize 25 X 60 -c 40 = 37'5 parts of sucrose. 
Instead of the 32 parts of sucrose immobilized by the 48 parts of total 
non-sugar from the cane juice, there are now 37 5 parts of sucrose 
immobilized by the 25 jiarts of the much more active non-sugar remaining, 
which fact shows that the removal of the reducing sugars, even if ifiias 
been done as favourably as possible, has the effect of bringing more sugar 

into the molasses than if we had left the reducing gugar unaltered. 

• 

This destruction of glucose is intentional in the Battelle prscess, 
and the inventor completes his scheme by extracting all the sucrose from 
the molasses by the Steffen process. Thisjatter cannot bs used for 
molasses containing reSucing sugars as these interfere, but^s soon as the 
glucose is removed, which is the effect of the Battelle clarification, all 
the sucrose can be extracted from the cane molasses too, whiati more 
than makes up for the larger sucrose content left in them. When 
combining therefore the sugar extraction by Steffen’s process with the 
destruction of glucose by the Battelle process, much more sugar can be 
made than when the glucose is Jeft intact and the molasses i^throVn 
away unutilized. The Battelle procels should therefore tiot be judged 
from its merits alone, but the subsequent extraction of sugar from the 
molasses shoe id allo be taken into account. 
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It is beyond the scope and subject of this present work to deal at 
any length with the Steffen process, and we shall confine ourselves to a 
brief description which may give an idea of the work to be done. 

The molasses which is free from glucose or only contains a few 
per cent, of that constituent is diluted to a density of sfbout 10° Brix* 
then containing about 6 per cent, of sucrose. 'I'he solution is cooled 
artificially to a temperature of 3" to 5“ C, and milk-of-lime is added to 
an amount of about 20 per cent, of dry lime of the weight of sucrose. 
Next very finely powdered* quicklime is added to the cold, dilute* 
molasses solution by means of^ a shaking screen, at the rate of about 
110 per cent, of the weight of sucrose in the solution, thus making the 
total amount of lime added about 130 per cent, of the weight of sucrose. 
The (juicklime combines with the sucrose to form insoluble calcium 
saccharate which is at once separate® from the solution in filter-presses, 
always maintaining the indicated low tcinjierature./ The cold liquid 
coming from the press is brought to the Jjoil by passing through a heater 
to precipitate the part of the saccharate remaining dissolved, while the 
white cake of saccharate is washed with water ot low temperature. As 
the wash-water gradually dissolves the caice, it should not be thrown 
away, but be collected and heated together with the first liquid in a juice- 
heater, by which process the saccharate, which had been dissolved, is 
jjjgcipitated again and may be separated in a filter-press and washed 
with hot water. The liquor from the hot presses is practically free from 
sugar and is sent to the sewer. The cakes both from the cold and the 
hot presses are carjictl to the sugar factory and are used for liming the 
canejuice as mentioned on page 41. 

It will depend on the cost of lime and ‘ice, and on the construction 
of the hemses where all tlje cold work is performed, as to whether this 
process may be tarried out in an economical way in the tropics; but 
theoretically there is no objection, all the more because in the hot 
summer months the whole of the exhausted beet molasses from the 
sugar factories in California is extracted by means of the Steffen system. 

But, as we said before, the Battelle process of clarification cannot 
be, employed unless at the same time the molasses extraction process be 
used, afld up,to now every trial \ji a ttopical country on a commercial 
scale has lacked means for the extraction of the cane molasses, sefthat with 
our limited knowledge of facts we cannot compare the jrocess with others. 
Therefore we have treated k here without,any attempt at comparison, 



62 


Clarification of the Cane Juice 


When asked to choose between the many different processes fur the 
clarification of cane juice intended for the manufacture of white sugar, 
we should be guided in our considerations by different observations. If 
we are sure to dispose of our whole product as white sugar, it is advisable 
Jp arrange the^ whole sugar-house for the manufacture of that special ^ 
article and have the best machinery and equipment for that purpose. If, 
however, we make say half our crop in whites in one year without know¬ 
ing whether in a subsequent season the market will be favourable for 
^whites or perhaps be better for raw sugar, it is preferable to choose a • 
system in which the main lines of manufacture run parallel and only some 
relatively small alterations are sufficient to turn out either raw sugar or 
plantation whites. In countries where limestone is scarce or even lacking, 
so that this bulky material has to be carried long distances at considerable 
cost, it is folly to think of carbonatt^ion, while factories producing for the 
Itritisli Indian market find the use of animal charcoal absolutely excluded. 

It is therefore very difficult to state once for all, generally, which of the 
many processes is to be recomnfended, although, of course, such a choice 
is easy enough for each concrete case, in which the various factors are 
known and can be taken into consideration. 

The general aim of the different methods for white plantation sugar 
is the obtaining of a clear and, if possible, of an uncoloured juice; and of 
these two the first desideratum is of foremost importance, the ctjJp'T 
di.ssolved in the juice not being so objectionable as floating or suspended 
dark substances. 

All the other points, the importance of which "is often mentioned 
when discussing clarification, are of minor significance. ^ * 

One always hear# when some new defecating powder or ctemical is 
offered to the public thift the use of even a small quantitj^of the speciality 
will tend to increase the quotient of purity of the juices treated with it by 
several points, but in almost every instance the complementary pai^iculars 
remain unmentioned, namely, which of the non-sugar constituents will be 
eliminated from the juice by the action dl’ the chemical, since the addition 
of some non-sugar without a much larger removal of some other body 

could not give rise to any noticeable increase in the quotient of purityi 

• • 

It must be borne in mind that the clarification of cane juice does* 
not eliminate from the juice any great amount of impurities, but that it 
is more the improvement of the physical projierties whic*h is effect^, as 
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or ej^^mple, the removal of the small amount of colloidal matter which 
linders the juice from being filtered and keeps afloat the suspended 
ngredients. 

If .the raw juice is not too muddy, so that there is not much earth 
md clay in suspension to indicate too high a figure for theory substance, 
he improvement in purity on clarification will not rise higher than a few 
•joints, and if it is much more elevated it is certain that there is some- 
hing abnormal in the state of the raw juice, in all probability an 

incommonly high mud content. 

• 

It is well understood that in^this statement the real purity is meant, 
.e., the quotient of the real sucrose content and the dry substance, and 
lot the single polarization and the degree Brix by spindle, for if the 
ipparent purity is ascertained a rather large increase in the figure may be 
ound with those carbonatation proceSies, in which the juiee is left during 
i long time in contact with lime.* The reducing suga/s, which in fresh 
nice consist of glucose and fructose in sych amount that the rotation of 
he mixture is levo-rotatory, change on contact with lime into a mixture 
)f the two sugars in a different proportion with a small amount of 
nannose, which mixture has no rotatory power, the rotation of the 
leveral constituents neutralizing one other. If we only take into con¬ 
sideration the polarization and not the real sucro.se content, the levo- 
^Jion of the reducing sugars disappears, for which reason an increase 
n polarization is observed and is in that case wrongfully attributed 
o an increase in sugar content. 

Although the Quotient of purity should be ascertained daily in the 
aw ^nd ii^Jie clarified juices, the increase in the figure should not 
ittract any undue attention and on no accctunt should it be used as a 
;riterion fbr the value of c^ie system or other of^clarification for white 
iugar manufaoturfi. 

In general, that system of clarification is best which allows of 
:omplefe iltration through cloth, together with a light colour in the 
syrup and a reaction which is % little acid as possible. Where these 
:hree desiderata are combined in a syrup, it constitutes a material having 
:he best qualities with which to make white sugar. From a technical 
point of'viewj all the carbonatati(^n processes with saturation of the last 
mice by means of sulphurous acid, Bach’s process, and the decoferization 
processes with animal charcoal and decolorizing powders (provided that 
the jjiice clarifie'd by them ij filterable through cloth) suit that purpose, 
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while the sulphitation processes, which do not yield a syrup which will 
pass through cloth, only occupy a secondary place. The strong sulphita¬ 
tion of the syrup has still the disadvantage of giving off strong acid 
vapours which may corrode the iron piping of the vacuum pan of the 

* condenser aivl the dome, and can also cause inversion if the reacting 
slftuld-be too acid and the temperature in the pan too high. 

From a financial point of view, the sulphitation methods are to be 
preferred as being the cheapest to instal and the cheapest in use. A 

* carbonatation plant is rather e.vpensive an,d does not offer any advantage 
if it is not used the whole season and every season, so that one is only 

C 

justified in using that system when sure of finding a steady sale for 

white plantation sugar and thus making full use of an expensive plant. 

» 

If therefore the sugar factory is to be arranged for double use, i.e., to 
turn out, according to the conditions of the market, raw as well as white 
sugar, one of th^ many sulphitation methods, or sulphitation combined 
with the addition of phosphorit acid preparations, or decolorizing carbons 
must be chosen, as these require the least change in the installation. In 
the case of sulphitation the best choice will be Bach’s process, as therein 
the whole process up to syrup remains exactly the same both for making 
raw and for making white sugar. Only beyond the stage of syrup do 
we get any great difference; in the first case the syrup is eliminated, 
subsided and sent immediately to the vacuum pans, while in the J?'*er 
case it is sulphited, limed and filtered. 

It is not necessary to enter into the merits and defects of the various 
processes, as these have already been treated in tHe discussion on their 
application (pages 13-56). The following brief remarks jn which they 
are reviewed accordigig to their place in the list should prove sufficient:— 

Siilphitalion.— 'f\i\s is the simplest process w’hich may be used in a 
factory where both raw and white sugar are to be produced. Neither the 
juice nor the syrup are fit for filtration, and the colour of the product 
cannot be relied upon. In this process a heavy incrustation »f the juice- 
heaters is to be feared if the temperature of the juice on sulphitation is 
too low, while the acid vapours arising from the juice in the evaporators 
and distilling over into the condensation water may attack the plates of 
the boilers. * « , * 

« 

Sulphitation combined with the use of Phosphates .—This method 
is better tha. tht first-mentioned, and is to be used iij the same cases. 
The inventor of Guerrero'* “ phospho-g^ose ” procedure clainfc that 

0 I • 
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juice tr^ted with that clarifying agent may be filtered through cloth, and 
if this is confirmed in practice the sugar obtained has every chance of 
being of a very, good quality. The acidity of the juice being less, 

there is less danger of acid condensation water. 

• 

« Single Carbonatation .—This process is advisable for factories which 
are definitely intended for wliite sugar manufacture. It is a rather 
simple and not very expensive method, but there is a danger connected 
with it, viz., that if the rnilk-of-lime contains unslaked lime it may slake 
iffterwards in the filter-presses apd give rise to an alkaline reaction in the 
clarified juice, which is most objectionable when in the manufacture of 
white sugar the alkaline juice is afterwards heated. This may be totally 
overcome if the filtered juice is sulphitcd after filtration, so that the 
alkaline reaction is quite removed, but then the difference from double 
carbonatation is not great, having only the distinction that the alkaline 
reaction in this case is removed by» carbonic .and by sujfjihurous acids in 
one stage, while in double carbonatation followed by suliihitation it is 
performed in two stages. 

Double Crtr6o»(r/(7/ioii. - This is the classical* white sugar making 
process, m which the juice is clarified and made fit for filtration in the 
surest and most reliable way. It requires a costly plant, and .should 
therefore only he resorted to when the factory does not make anything 
els, ‘'’an white sugar. The action of the carbonic acid should be completed 
by sulphurous acid only to neutralize the last traces of alkaline reaction 
after the second carbonatation. 

De Haans Moclijicafioii .—This modification of the carbonatation 
process*.- .nos*^ rational, and should at all events .supersede the old-fashioned 
way of adding the lime at once. By the gradua‘l addi^on of lime together 
and simultaneously with the aarbonic acid, time, si):*e, lime and carbonic 
acid are saved, tlius’doing the same good work ht less expense in shorter 
time. 

Continnhus Carbonatation .—What has been said of de Haan’s 
modification can also be said of confinuous carbonatation, which, if properly 
controlled, also saves time, space and lime. 

harlots Acid Tliin-juice Process.-f-The saturation of the juice 
frotn the filters after the first single carbonatation, to such degree of 
acidity that no danger of inversion is incurred and only a little sulphurous 
acid.will Ue distille’d off into the condensation water in the hot-well, is a 
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good substitute for the second saturation or for the second half, of the 
double process. It requires fewer carbonatation tanks and filters, also less 
heating and pumping, but requires close supervision of the acidity of the 
juice, and also of the condensation water intended for feeding the boilers. 
When usingrthis process the water in the hot-well should be repeatedly 
tiisted with litmus paper to ascertain whether it is acid or not, and in the 
former case should be neutralized with sodium carbonate solution. 

Weinrich's Process. —This procedure does not contain much of use 
for common sugar factories in which»no second or third sugars are 
remelted and where no raw sugar is bought from outside and worked up 
together with the juice. Apart from the refining of these sugars, the 
process does not differ much from common double carbonatation. 

RatteUc's Pcoccs.s'.—This is,quite a new process and fundamentally 
different from a]! the others. It has great advantages, but re(iuires a very 
expensive plant and an exceedingly well-trained body of workmen and 
overseers, because it cannot be used save in connection with an establish¬ 
ment for sugar extraction from molasses. 

All these variations of the carbonatation process are, of course, only 
advisable for factories in which white sugar is the regular product made 
and not the occasional one. 

Filtration over Bone Black. —This is rather an expensive, but at 
any rate an effective process for removing colouring and floating matter 
from the juice. It cannot be used where the product is intended for the 
British Indian market, while the revivification of the char is an exirensive 
and troublesome operation. 

Decolorizing Carbons. —These fulfil the same role as does animal 
charcoal, i.e., they ^absorb colouring matter, and also slimy substances. 
Juice treated with them may be filtered through cloth,,and revivification 
is feasible by simply washing with soda solution and hydrochloric acid 
without carbonizing. Their use has not yet gone beyond the experimental 
stage in cane sugar factories. 

C' 

Sulphitation of the Syrup. —This is rather a dangerous operation 
if not extremely well controlled. Sulphitation is continued till the 
maximum effect is attained, but at tjiat point the acidity may liSive become 
so grtot that there is danger of inversion in the event of the temperalure 
in the p; ■ goiqg too high, while the ironwork may get corroded by the 
acid vapours emitted durii^ concentratiop in the pan. 
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Blankite .—The use of Blankite has the same bleaching effect as 
has sulphitation of the syrup inasmuch as it decolorizes powerfully when 
applied at the right moment, i.e., as late in the process of manufacture as 
it possibly could be. It has not the di.sadvantages of the former, because 
it is a neutral body and so does not invert or give off aci^ vapours. It, 
may also be used as an aid in the other processes of decolorization and 
offer the final touches to the effect accomplished by the others. 

• Bach’s Process .—A good rational process intended to give a bright, 
light-coloured and not too acidisyrup, capable of ready filtrtition. It can 
be carried out without great expense in an apparatus which is simplicity 
itself. 

All the five last-mentioned processes may be used in factories where 
it is reijuired occasionally to make white sugar and at other times the com¬ 
mon raw product. Of all those menfioned here with thaf intention, the 
Bach process next to the procedures in which decolof^zing powders are 
used appears to be the most effective, altl\pugli also in this case practical 
experiments are still too few in number for us to be able to give a 
definite opinion on its merits. 
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COSTS AND YIELDS OF THE DIFFERENT 
, CLARIFICATION PROCESSED 

It is very difficult to submit any fair comparison of the costs of the 
various clarification methods, since the prices of the different materials 
and, be it remembered, the number and the pay of the workmen in the 
different countries, where sugar cane is cultivated and cane sugar is 
manufactured, offer such widely varying differences that figures for com¬ 
parison, which hold good for one country, may be absolutely worthless for 
another. 

Wc ourselves shall abstain here from giving figures as to the money 
involved in acquiring the plant for the processes, as m many a case 
where an existing raw sugar factory goes'in for while sugai manufacture, 
a good part of the old plant can be incorporated in the now establishment, 
while in other instances everything has to be purchased brand-new. 
The cost of the installation has to be considered in every special 
case, and therefore no figures could be given in a general treatise like 
the present one, intended as it is for no special country. For the same 
reason we shall also abstain from giving an expose of the daily cost 
necessary for the carrying on of the work, but we give here a lis^t of 
materials required for the treatment of a given amount of juice by 
each of the several systems. When making a comparison anybody may 
fill in the prices of the materials in his country, and so see which will be 
the best for his use ; and as to the number of workmen we regret not to 
be able to give any data, because the work done by one man in one 
country or another differs so enormously ^ that it is useless to quote 
figures and numbers from.a given country as an exarnp^e• 

We shall only give one example from Java as a model specification 
of the different items, in order to draw attention to all the {loints entering 
into consideration for comparison. ^ 

We take as the unit the juke extracted from 1000 tons of cane and 
understand here the English or long ton of 20 cwts. or 2240 lbs. or 
1016 kg. , 

, Sulphitation of the raw juice; 0’80-l’5 tons of lime, i tort of 
sulphur. 

Sulphitation followed by treatment with phosphates: 1 ton of 
lime, 200 lbs. of sulphur, 200 lbs. of phosphoric acid. ^ c 
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• Sulphitation followed by treatment with “ phospho-gelose ”: 
1 ton of lime, 200 lbs. of sulphur, 1-2 tons of “ phospho-gelose.” 

Single carbonatation and continuous double carbonatation: 
35 tons of limestone, 4 tons of coke, 400 lbs. of sulphur. 

Double carbonatation: 40-45 tons of limestone, 4’5 tons of 
coke, 400 lbs. of sulphur. * 

De Haan’s modification: 23 tons of limestone, 2 5 tons of coke. 

HarlofTs acid thin-juice process : 30 tons of limestone, 2’7 tons 
•of coke, 600 lbs. of sulphur. 

Battelle’s process : 25(i tons of limestone, 30 tons ef coke. 

Animal charcoal: 25 tons of char (which can be used several 
times, requiring acid and soda for regeneration). 

“ Norit ”: 3-5 tons of the Norit (which can be used several 
times, requiring acid and soda for regeneration). 

Sulphitation of the syrup: 250-300 lbs. of sulphur. 

“ Hlankite ” ; 20-40 lbs. * 

Bach’s process: 2 tons of lime, 1 ton of sulpHlir. 

In this tabic neither the capacity of the filter-presses nor the number 
of times the juices are filtered is taken into accoqpt, so that the costs 
for filter-cloth are not taken into considcaf on. Nor is the amount of 
dilution brought along with the milk-of lime and in the washing of the 
filter-press cakes calculated, so that the cost of evaporating all the surplus 
water not mentioned. In the Battelle process there is a big item for 
cooling the diluted molasses which should not be forgotten either. It 
would carry as too far and give the work an undesirable extension if we 
tried to calculate all these items for the difTerenl processes. After what 
has been said about them, the expense can be easily calculated for every 
concrete instance,-and the two cases mentioned hereafter are only quoted 
merely as an instance of how to do so. 


COMPARISON OF THE COST OF CLARIFICATION BY THE 
SULPHITATION AND DOUBLE CARBONATATION PROCESSES.^ 
• ^ (Per 1000 tons of cane.) 


I.— SUIJ'HITATION. 

Materials. 

1 

s 

d. 

Lime, 0-86 ton (g. £l 12s. 2id. per ton 

2 

4 

10 

Sulphur,^ 800 lbs. @ Id. per lb. 

3 

6 

8 

Filter-cloths, 2 pieces @ 8id. ..s *■ 

0 

1 

5 


^5 12 

11 


• * . 

^Transcribed inio English weights and currency from the ^ava examples of 
de Haan in the Anhiif Vfor de Siiikcrindustrie in Nedeilandsch-InSic, lUll, 1354. 
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B. Wages per 1000 tons of Cane for such work 
from that in the Carbonatation Process. 

as 

differs 

£ 

s. 

d. 

Preparation of the milk-of-lime 

... 2 coolies 

& 

5d. ... 

0 

0 

10 

Sulphitation of the raw juice 

... 2 foremen @ 

1/- ... 

0 

2 

0 

Subsidence of the sulphited juice 

.. 2 „ 

& 

1/- ... 

0 

2 

^0 

Do. do. 

.. 8 coolies 

(«i 

5d. ... 

0 

3 

4 

Decantation of the clarified juice 

.. 2 foremen 

(fr. 

1/- ... 

0 

2 

0 

Treatment of the scums 

• • — >) 

(ir 

1/2 ... 

0 

2 

4 

Filter-prekscs . 

.; 

• • * - jj 

('(' 

1/2 ... 

0 

2 

‘4 

Do. ..- 

.. 12 coolies 

(III 

5d. ... 

0 

5 

0 

Clarified juice pump 

.. 2 foremen 

(S' 

1/- ... 

0 

2 

0 

Mending filter-cloth. 

.. 3 women 

f'" 

3d. ... 

0 

0 

9 

Transport of scums. 

.. 6 coolies 

('<■ 

5d. ... 

0 

2 

6 

Purificatioi. of the syrup ... * 

.. 2 foremen 

('■' 

1/- ... 

0 

2 

0 

llo. \ do. 

:. 10 coolies 


5d. ... 

0 

4 

2 


Carrying away the scums after the grinding season... ... 0 5 7 

Total wages £\ 16 10 


11.- Dour.Li: Cakuunatation. 

A. Materials. 

Limestone, 43'67 tons («; 7s. 4d. per ton. 16 0 3 

Coke, 3'43 tons (S £!> 2s. 5d. per ton . 10 13 5 

Sulphur, 460 lbs. (if Id. per lb. ... 118 4 

Filter-cloths for the second rarbonatation and the thin- , 

juice fdtration, 32 pieces (<(■ Sid. . 1 2 8 

Filter-cloths for the first carbonatation, 24 pieces (« Is. id. 1 8 0 

t i - 


< £'i\ 2 8 


B. Preparation of the Materials. < 

Breaking limestone, 43'67 tons C" 2d. 
Breaking coke, 3'42 tons (S' Is. 4d. 
Carrying stone and coke to tfie kilt 


e 


0 7 3 
0 4 7 
‘ 0 2 6 
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C. Wages per 1000 tons of Cane for such work as differs 


from,that in the Sulphitation Process. 


Weighing limestone and coke 

... 2 foremen (4 

8d. ... 

£ 

0 

s. 

1 

d. 

4 

Do. . do. 

... 12 coolies @ 

5d. ... 

0 

5 

0 

Limekiln . 

... 2 foremen (4 

1/4.... 

0 

2 

8 

Do. ... •. 

... 12 coolies @ 

5d. ... 

0 

5 *0 

Preparation of the milk-of-lime 

... 2 foremen ([('■ 

1/- ... 

0 

2 

0 

. Do. do. 

... 8 coolies (;(! 

5d. ... 

0 

3 

4 

Engine drivers at the lime-kiln 

... 2 foremen (o' 

1/4.... 

0 

2 

8 

Measuring the milk-of-lime 

... 2 foremen (S' 

1/- ... 

0 

2 

0 

Do. do. 

... 2 coolies (3 

5d. ... 

0 

0 

10 

Carbonic acid pump. 

... 2 foremen (iu 

1/4 ... 

0 

2 

8 

First and second carbonatation 

... 2 „ & 

1/2 ... 

0 

2 

4 

Do. do. 

. 8 coolies {S' 

5d. .. 

0 

3 

4 

Pump for the raw juice ... ^ 

... 2 foremen-(S. 

!/• .. 

0 

2 

0 

Scum pumps 

... 2 „ 

1/- .. 

0 

2 

0 

Pumps for the washing water of the • 





presses .. 

... 2 „ 

1/- .. 

0 

2 

0 

Filter-presses 

.. 2 „ •d". 

1/2 .. 

0 

2 

4 

Do. . 

... 38 '-fxilies (S, 

6d. .. 

0 

19 

0 

Transi'xirt of scums. 

... 2 foremen 3 

1/2 .. 

0 

2 

4 

Do. . 

... 16 coolies {«' 

5d. .. 

0 

6 

8 

Mending the filter-cloths 

... 16 women (<(’ 

3d. .. 

0 

4 

0 

Sulphitation of the thin-juice 

... 2 foremen (« 

1/- .. 

0 

2 

0 

Purification of the syrup ... 

... 12 coolies ill 

5d. .. 

0 

5 

0 

Carrying away thtfscums after the grinding season 


2 

2 

11 

• 

C 

Total wages 

£e 

3 

5 


\\\t find therefore the total expenses coming ftito consideration here 
or the comparison of the two systems (the other expenses of labour, etc., 
leing the same and those for the fuel remaining outside the scope of the 
iroblemj 10*06 the following per 1000 tons of cane:— 


• 


Sulphitation. 

£ s. d. 

Double 

Carbonatation, 
£ s. d. 

Materials and their preparation... 


51211 

31 2 8 

0 14 4 

• Wages .• 


1 16 10 

6 3 5 

• 

Total Expense coming into consideration 
• in* this comparison 

£7 9 9 

.^38 0 5 
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Similar calculations could be made for every process and for every 
country, and therefrom we can see what expense will be incurred in the 
execution of the various modifications of the methods for white sugar 
manufacture ; and, if likewise, the amortization and^ interest and the 
wear and teaj of the machinery are taken into account, a reliable survey 
can be obtained of the financial demands of the several methods. 

On the other hand, we have not only to take into account the 
quality of the white sugar, both at the moment of its being made and 
also after haying been stored for a long tjme, but also the probable yiel(f 
of sugar by the method used an4 the reliability with which it works. 

It is evident that every process in which the colouring matter is 
removed either hy carbonatation or by animal charcoal and carbon¬ 
aceous powders, or by filtration in some way or other, is far more reliable 
and will offer ;i belter prospect ol* sugar which keeps its quality, than 
processes in wliiph the colouring mutter is only bleached and may 
return to some extent some time under certain conditions. Processes 
in which all the juice is filtered give more certainty of obtaining a juice 
and a syrup therefroiij, in which no coloured particles will imjiart a grey 
colour to the sugar crystals, than processes in which the juice is only 
decanted from a subsided layer of dirt, which might inadvertently be 
stirred up and contaminate the clarified juice. 

These advaniagcs or disadvantages are not capable of exact estima¬ 
tion. No fixed data are obtainable resiiecting them, and the individual 
tastes of the manufacturer count here greatly in the choice of a system. 

Hut apart from the different merits as to quality, which have been 
extensively treated in the foregoing chapters, we can^only obtain full 
information as to the quaiiUty of sugar yielded by a given amount of 
juice, after its treatment by the different syskmis. 

( 

Supposing we start from a given quantity of juihe of a certain 
analysis and supposing we obtain at the end of manufacture a white 
sugar of exactly the same polarization, apart from the shade bf colour 
and the brightness of the crystals, thei; we have solely to consider the 
factors of the loss on filtration, the loss by inversion and by entrainment, 
and the loss in the molasses, since all the other losses are the same in 
every system, and properly speal^ng the loss by entrainment might perhaps 
be eliminated also as there is little chance of a juice clarified by one method 
frotliing more than in another, save in the foaming in Jhe first carbona¬ 
tation tanks where some juice might be driven out of the chimney<, 
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Van der Want' calculated the losses sustained in Java factories 
where whits sugar was made, and extended his calculations over a great 
number of factories working with the sulphitation of the raw juice and 
with the carbonatation process. The results are tabulated as follows, all 
fiwres being calculated on 100 parts of sucrose entered in tlje raw juice. 



Sulphitation. 

Carbonatation 

(dv Huan'i method). 

Clarification of the raw juice... 

1-35 

1-414 

Evaporation ... 

0-810 

0-675 

Clarification of the syrup 

0-014 

0-064 

Molasses .* 

8-03 

*8-71 

Total loss on manufacture . 

.. 10-304 

10-863 


There is therefore a differonce to the advantage of the carbonatation 
process of about 0'66 parts on 100 of sucrose entered into the sugar-house, 
and it has to be considered whe^ier this (piantity is large enough to 
justify the establishment of a carbonatation plant, provided that all the 
other factors remain the same. * 

We iiave already seen that the loss in scrims does not differ 
considenibly; in the sulphitation process w? have only a little scum, 
but of a high sugar content, while, in the, carbonatation process we have 
a large amount, which however is of a nature to be sweetened off till a 
low sugar content is reached, the total loss thereby coming out at the 
same net figure. 

The larger losses of sugar during evaporation and on clarification of 
the syrup may find an,e?:planation from the fact that usually the suljihited 
juice ii of a stronger acid reaction than the carbonatated one, and therefore 
may have become*inverted during evaporation _and especially during the 
long stay at high temperature in the syrup subsiding tanks, while the 
carbonatation syrup is quickfy filtered and boiled. * 

The loss in molasses in the defecation process is certainly somewhat 
larger tlijin in the carbonatation one and, in short, than in all processes 
where the juice is filtered. The slimy matter which remains in the juices 
and syrups which are only decanted off exerts its detrimental influence 
during the whole manufacturing process, and especially in the crystalliza¬ 
tion of th« last products. As a rule, a sticky and gummy molasses cannot 
b» so thoroughly desaccharified as 9 clear one, and this accounts for the 
larger loss of sucrose in the molasses of defecated juices of the same 
quality a# carbonitated ones. 

_ • _ _ 

^Archuf voor dt Sutkerindmlric in Scdtrlandsch-Indic, 19t4.1084. 

* • 
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Most of the processes described in the earlier chapters have not been 
sufficiently long in practical operation to permit us to give reljable figures 
regarding the output of white sugar from the juice. The Norit, Battelle, 
Phospho-gelose and other processes are only in their infancy, so that no 
reliable data can be gathered at so early a stage as the present, and we there¬ 
fore confine*ourselves to the figures given by van der Want in his ab^Ive 
quoted article, where he compares the yield of a given quality of white sugar 
from juice of the same analysis treated in practical working by four methods 
in factories where the processes under consideration were in regular us». 
Taking the a'mount obtained by the common sulphitation process as 100, 
the outputs by the others are quoted as percentages of that amount. 


Yield by the usual sulphitation process 
„ double carbonatation 
„ de Haan’s modification 

Bach’s process t . 


,\11 these figures have relation to data on white sugar only, as they 
serve for the comparison of the merits of the different processes for the 
manufacture of that article, but it is perhaps not without interest to com¬ 
plete the modes of q'nnpanson by giving a very simple method for the 
conversion of one assortment of sugar into another, in order to enable 
the manufacturer to compaie the yield of white sugar to be expected 
when going in for white sugar manufacture with that of the raw sugar 
to which he has hitherto been accustomed. 


It is evident that even if the losses in scums, by inversion, by entrain¬ 
ment, and so on, are absolutely the same in both processes, and the 
molasses is exhausted to exactly the same real ‘parity, yet the yield of 
the product in a white sugar factory will be smaller than that in a 
factory where raw sugar is turned out, for the simple Reason that where 
white sugar only ccmsists of pure crystallized sucrose, these crystals of 
raw sugar are coated with a layer of adhering mofcisses. Even if in 
both cases exactly the same weight of sucrose had crystallized out and 
had been obtained, the weight of the product in the case of ^the white 
sugar is lower than in that of the raw sugar, because of lhat layer of 
molasses. It results from this observation that the relation between the 


two products could not be established by the simple comparison of the 
polarization figures of the product, as in the case of raw sugar ^rart of the 
polarization is produced by the'sucroee in the molasses, which does ijot 
belong lo that part of the product taken into account here. 

In oiu. r to obtain a trustworthy comparison betwein the qpjintities of 
raw and of white sugar turnc^l out by the different processe^, we miJst only 
consider the amqpnt of real crystalfizable sucrose present in the product. 
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For the white sugar, which is washed quite free from molasses, this 
question is.easily solved by assuming the amount of crystallizable sugar 
to be equal to its polarization. 

Raw sugars may be considered to consist of a mixture of crystal¬ 
lizable sucrose and molasses having a purity of 33i. We know that 
ii^ reality the molasses covering the crystals in raw sugar is of^a 
higher purity, but in that case the molasses could be de.saccharified in a 
refinery, and it is not our aim here to determine the actual crystallized 
sugar in the product or its crystal content, but only the maximum per¬ 
centage of crystallizable sucrose there. * 

The reason why we take the (juotierit of purity at the figure of 33 J is 
because that figure is about the lowest on record, and further because of 
the simplification of calculations since by using it the ratio between sugar 
and non-sugar is exactly 1:2. When we want to find the amount of 
crystallizable sucrose in a given product we have only tO subtract half 
the difl'erence between the dry silbstance and the polsrrization from the 
polarization figure to find what we are looj^ing for. 

If, for instance, a raw sugar has a polarization of 96-2“ and a moisture 
content of 072 so that the dry substance is 99-28, then the content of non¬ 
sugar is 99-28 96-2“ 3'08. The.se 3-08 p-arts of non-sugar immobilize 
half their weight or 1-54 parts of sucrose, and prevent it from crystalliz¬ 
ing out; and therefore the amount of sugar callable of crystallization 
is 96-2-1-54^94-66. 

If therefore we are accustomed to make 10-0 per cent, of 96-2" sugar 
from our cane, we cannot expect more crystallizable sugar therein than 
10-00 X 0-947 -- 9-47<)er cent., and for that reason we cannot expect more 
than 'h4V per cent, of white sugar instead of the 10-00 of raws, even if 
we do not suffer additional loss during the muqh more delicate work. 

Although the reckoning is very easily made, w% give here a table 
in which the crystal contents of sugars can.be found if their moisture 
content and their polarization are known, taking the minimum purity of 
the molajses to be 33i. 

If we have a sugar polarizing 97-4° with a moisture content of 0-7, we 
look up in the horizontal line 97-^, in the vertical one 0-7, and we find at 
the intersection 96-45, which is the amount of crystallizable sucrose in 
100 parts/)! that raw sugar. 

• We are no sticklers as to that figure of 33i ; if it be thought too low, 
anyone is free to employ another, but in that case a new table will have 
to be couBposed r^ith the higher figure as a basis. 



Table fok the Percentages of Crystalli2Able Ssucrose 
Polarization and from 0 to 2 per cent, of Moisture, 

EXHAUSTED TO 333 DEGREES 


Polar- 





Moisture Content. « 




ization 


0-1 

02 

03 


0-5 

ID 

m 


0-9 

l<f 

99 U 

99 85 

99 90 

•• 

.. 

•• 







99 P 

9970 

99 75 

99 80 

.. 

- 


• • 




/ * 

99 7 

99 5,5 

99 60 

99-65 

99-70 

• • 

'4 



.. 


• 

99 6 

99'40 

99-45 

99-50 

99-55 

,99 60 


• • 



•• 


99 5 

99 26 

99-30 

99 35 

99 40 

99-45 

'99 50 




.. 


99 4 

99 10 

99 15 

'99-20 

99-25 

99-30 

99 35 

99 40 



•• 


99 3 

98 96 

99-00 

98 05 

99 10 

99-15 

• 

9'9-'20 

99 25 

99 30 




99-2 

98 80 

98-85 

98-90 

98 95 

99 00 

.99-05 

'99-10 

99 15 

99 ‘20 



99-1 

98-OS 

98 70 

98 75 

98-80 

'98-85 

98 90 

'98 95 

99-00 

99 05 

99-10 


990 

98 50 

98-55 

98 GO 

98 65 

9H 70 

98 75 

98*80 

98 85 

98 90 

98-95 

99-00 

98 9 

98 35 

98-40 

!)b45 

98 50 

98 55 

98 60 

98 05 

98 70 

98 75 

98 80 

‘98-85 

98 8 

98 20 

98 25 

98-30 

98-35 

98 40 

98'46 

98 60 

98-55 

'98 (» 

‘98-65 

98-70 

9H-7 

98 05 

98 10 

98 15 

98-20 

98-25 

98-30 

'98-35 

98 40 

98 45 

<98 50 

98 55 

98-6 

97 90 

97-95 

98 00 

98 05 

<98-10 

98 15 

'98-20 

98 25 

98 30 

98 35 

98 40 

98-5 

97 75 

97 80 

97-85 

'J7 90 

'97-'95 

98-00 

98 05 

98 10 

<98 15 

98‘20 

98-25 

98 4 

97-60 

97 65 

'97-70 

97 75 

97 80 

'97 85 

'97-90 

')7 96 

98 00 

<98 05 

98-10 

98 3 

97 45 

97-50 

97-65 

97 60 

97 65 

97 70 

<97-75 

1^-80 

'97 85 

97-90 

‘97-'95 

98 2 

97 30 

97 35 

97-40 

97 45 

97-50 

97-55 

97-60 

97 65. 

,97 70 

-97 15 

97 80 

98 I 

97 15 

97-20( 

i97 25 

97-30 

97-35 

97-40 

97 45 

97-50 

97-55 

97-60 

97 65 

98 0 

97 00 

97-06 

oflo 

97 15 

'97-20 

<97-25 

97-30 

97 3& 

97-40 

• 

'97 45 

97 50 

979 

96 85 

96-90 

96 95 

97-00 

97 05 

'97 10 

'97-15 

97-20 

97*25 

97-30 

'97-35 

97-8 

96 70 

96-75 

96-80 

96-85 

96-90 

96-<95 

97-00 

97-05 

'97-ia 

97*15 

97-20 

97-7 

96 55 

96 60 

96 65 

93*70 

'96 75 

<96-30 

96-85 

96-90 

96-95 

97-00 

'97-05 

97 6 

96 40 

96 45 

96 50 

96-55 

96-60 

96-65 

96-70 

<96 75 

96-80 

96-85 

96-90 

97-5 

90-25 

96 30 

96-35 

96-40 

96-45 

<96 50 

96-55 

96-60 

96 65 

9570 

96 76 

97-4 

• 

96 10 

96 15 

90-20 

96 25 

96-30 

*96 35 

96 40 

<96-46 

'96-50 

96 55 

96-66 

07 3 

95-95 

9600 

96-05 

9610 

96-15 

<96-20 

96-25 

96.30 

j96 35 

‘96-40 

96-45 

97 9 

95-80 

96-86 

96-90 

95-95 

96-00 

96-05, 

96-10 

<96-15 

96-20 

96*25, 

96-30 

97 1 

95-65 

95;70 

95-75 

96-80 

95-^5 

95-90 

95-'95 

96 00 

• 

• 

9605 

• 

96-10 

96-15 

97 0 

95 50 

95-55 

'.ft-60 

95-65 

95 70 

95-75 

95-80 

95-» 

95-90 

96-96 

96-00 













CONTAINED IN RAW SUGAR FROM 99'9 TO 97 PER CENT. 
SUPPOSING THE MOLASSES AROUND THE CRYSTALS TO BE 
Quotient of Purity. 






















Table for the Percentages of Crystalihzable Sucrose 
Polarization and from 0 to 2 per cent, of Moisture, 

EXHAUSTED TO 33 s DEGREES 


Moisture Content, , 


ization 

• 

(To 

0 1 

0‘2 

03 

04 ; 

0 5 

06 

07 

0-8 

0-9 

/-o 

on 9 

95-85 

95-40 

95-45 

95 50 

95 55 ' 

95 GO 

95 65 

95 70 

95-75 

95-80 

95-85 

9fi'8 

95-‘20 

95 25 

95-30 

95-35 

95 40 

95-45 

96-50 

95-55 

95-60 

95 65 

95-70 

» 

90 7 

9,V05 

95-10 

95-15 

95 20 

95 25 

95 30 

• 

95-35 

95 40 

95 45 

95-50 

95-85 

96 0 



95 00 

95 (15 

95-10 

95-15 

95-20 

95-25 

95 30 

95-35 

95-40 

96 5 





94-95 

95-00 

95 05 

95 10 

95-15 

95-20 

95-25 

96 4 





94 HO 

94 85 

94 90 

94-95 

95-00 

95-05 

95 10 

9fi-3 





94T)5 

94-70 

94 75 

91-80 

94-85 

94-90 

94-95 

OOii 





’ • : 

94 55 

94 GO 

94 65 

94-70 

94-75 

94-80 

90 1 






91 40 

94-45 

91-.50 

94-55 

94-60 

94 65 

96 0 




• 


91 25 

94 30 

94-35 

94-40 

94-45 

94 50 

95 9 


* 




Qi 10^ 

91 15 

94-20 

04 25 

94 30 

94-35 

95 8 






93 95 

1 

94-00 

94-05 

94-10 

94-15 

94-20 

95 7 






93 80 

93 85 

93-90 

93 95 

94-00 

94-05 

95 0 






9365 

93 70 

93 75 

93 80 

93 85 

93-90 

95 5 







93-55 

93 60 

93-65 

93-70 

93-75 

95-4 






i 

• • 

93-40 

93-45 

93-50 

93 55 

93 60 

95 3 







93*2» 

93-30 

93-35 

93-40 

93-45 

952 







93-10 

93-15' 

93-20 

93*25 

93-30 

95 1 


.# 






93-00 

93-05 

93-10 

93 15 

. 95C 


< 


•• 




9j 85 

92 90 

92 95 

93-00 

94-9 



.. i 




’ ' 1 


92-75 

92-80 

92-85 

94-8 : 









92 60 

[ 92-05 

92-70 

94 7 



1 


• • • 





92-50 

92 55 

94 (i 










92-35 

92-40 

94-5 









« 


92-25 

04-4 

• 
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32-10 

94C 








\ 

-- 

• • 


94-2 
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1 • 
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94 0 
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• 
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CONTAINED IN RAW SUGAR FROM 96-9 TO 94 PER CENT. 
SUPPOSING THE MOLASSES AROUND THE CRYSTALS TO BE 
Quotient OF Purity. 


Polar- 




Moisture 

Content. 




ization 

1-1 

1-2 

1-3 

1-4 

1-5 

1-0 

1-7 

1-8 

19 

2-0 

96-9 

95 90 

95 95 

96-00 

96 05 

90 10 
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PART II 


BOILING, CURING AND FINISHING 
WHITE SUGAR. 


r 

C^iAPTER I. 

BOILING AND COOLING. 

After the juice has reached tlie staple of clarified syrup the further 
treatment for converting the saccharine liquid into white sugar is always 
the same whattv'er the method of clarification followed to reach this 
stage may have been. 

For this reason the methods for turning the syrup into white sugar 
will start from syrup only, without further reference to the clarification 
process to which it has previously been submitted. 

As a general rule boiling in white sugar manufacture should be done 
exclusively to gram, even with the after-products; string-proof boiling 
should entirely be discarded and if the purity of first or second 
molasses is too low to build up grain from them, they should be returned 
to a pan where a pied-dc-cuite of sugar, or first massecuite, is already 
present, so as to be desaccharified by the e.xistnij; crystals to the desired 
point. Not only does boiling to grain produce a better shaped and 
more easily curable crystal and give better yields “'lor that reason, but 
string-proof boding ^requires a tedious copling in cry.stallixation tanks, 
where owing to the acid reaction, there is much dangei; of inversion and 
loss of sucrose. 

We saw in the Introduction that one of tlie foremost requirements 
in the manufacture of white sugar is tlie rapidity and the uninterrupted run ‘ 
of all the manipulations, and this same maxim should guide us too in the 
boiling, cooling and crystallization of the after-products. 

White sugar destined fa' dirtjet consumption should hot only be 
white'and brilliant, but should also possess a regular form and a ralher 
large size, this latter desideratum makes it preferably to start the build¬ 
ing up of the gram from a well-deveiopei' seed. In order to''oli!tain this 
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without too much waste of time and of pan capacity, it is advisable to 
have all the pans connected with one another by large pipes, provided 
with valves which permit the contents of one pan to be drawn over into 
another, while one pan or all of them should have a wide pipe through 
which a magma of* sugar crystals and syrup may be sucked in from 
outside in order to serve as “seed.” * , 

Not only docs the arrangement of making the “.seed” in one pan and 
distributing it over the others save a great deal of time, as the formation 
of the grain is a slow operation bri.stling with difficulties, but it also 

9 # 

permits the use of calandria pans for white sugar making, which would 

not be feasible if the grain had to be formed each time afresh. 

If coarse crystals are to be made, which is the case in the manu¬ 
facture of granulated plantation whiles, the graining must be done “low 
down,” in order to give the crystals time and space to ^grow to the 
required size, draining low down^ cannot be done in a calandria pan, 
unless special arrangements are made, e.g., the caiandria could be 
constructed in two pieces with an empty* space between them, but a 
common calandria occupies so much room and reaches .so high, that a 
rather large amount of syrup must be in the i-an when steam is admitted 
to the calandria, to prevent the hot surface from protruding above the 
level and charring the drops of syrup drying there. 

• In a cod pan this difficulty is overcome by only admitting the steam 
in those coils which arc covered by the syrup, and then one is able to 
grain as low down as desired, by only admitting the steam in the lowe.st 

coils and leaving the othars cold. 

« 

It is clear that owing to this procedure the greater part of the heating 
surface remains u*mployed and that both tiinc and pan capacity are 
wasted; but if the grain is made in a special pan and hifc;attained a certain 
size, the whole mixfcure may be drawn over into the*vacuum pan, coiL or 
calandria pan, until the whole heating system is submerged. This can 
then come into action with its full capacity, and thereby the whole power 
of the pan*at ifs best is utilized. 

When boiling last-product massecuites, which are strongly concen¬ 
trated, the natural circulation occasioned by the boiling is not strong 
enough to ensure the proper admixture of the pan’s contents, and hence 
the*pan in which the after-product iflassecuites are boiled should be pro¬ 
vided with a stirripg apparatus. In most cases this consists of a screw 
revolving *n a wide central tube open at both ends. The stiff mass is 
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raised at the centre and induced to flow downwards at the sides while the 
empty space in the centre is filled by the adjacent mass from the sides, 
thus creating a slow movement of the contents of the pan. 

This circulation is most necessary for several reasons. First, the 
massecuite remaining stationary at the same place may cake against the 
9 oils, be locally overheated, and become coloured by the too elewited 
temperature. A second reason is that the crystals in the stiff mass are 
not free to move, and thereby cannot grow regularly, which is one of the 
first requirements for a good white sugar for direct consumption. Finally 
the lack of circulation may give rise'to the circumstance that when 
molasses is returned into the 'massecuite, as is always the case when 
after-products are boiled to grain, large portions of the former do not mix 
with the latter whereby the desired effect of the desaccharification process 
is totally lost, the result being that a final molasses of too high a quotient 
of purity is discarded by the factory. For these and yet other reasons the 
circulation in the vacuum pan should be artificially promoted, for which 
purpose a stirrer as described above will render good service. 

Pans in which first inassccuites are to be boiled, and in which the 
fluidity of the mass'ls maintained throughout the whole process, do not 
need a stirrer ; only those for last massecuites require one, but in order to 
be free to choose wdiatever pan one likes for the after-products and not be 
hampered in one’s movements when wanting to use also another pan than 
the one u.sually reserved for after-products, it is safe to have every pan 
provided with the stirring apparatus which may be used or left idle at will. 

Instead of a screw revolving in the pan, circulation is sometimes 
promoted by a perforated copper coil at the bottom of the pan, through 
which dry low-pressure steam is blown into the boiling mass. “l!y this 
operation the vacuum i."? not perceptibly lowered and the massecuite is 
kept in gentle moverrent. The perforations of the coil should be made on 
its'undersidc in order to prevent them being choked with crystals when 
the pan is discharged. Another good device for promoting circulation is 
to introduce the syrup and molasses through a bent pipe eyten^ing nearly 
to the bottom of the pan, so that the thin liquids are compelled to force 
their way upwards through the massecuite and so become thoroughly 
mixed with it, which is not the case if the molasses is introduced at the top 
of the massecuite upon syrup ^Iready there. The same end ife sometimes 
gained by drawing in the syrup and molasses through a perforated coil at 
the bottom of the pan. To prevent choking, this coil is likewise per¬ 
forated on its underside. 
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These last devices will render good service in mixing the molasses 
with the m.assccuite from syrup, but they are useless after the mixture 
has already been performed and the mixed massecuite has to be con¬ 
centrated. That ij then where the stirring apparatus comes in, and keeps 
the contents of the pan in motion till the end of the concentration. 

■* • 

In many processes for the making of wliite sugar the syrups and 

molasses to be concentrated have rather a high acidity, part of which is 
volatile, so that they give off acid vapours which may attack the ironwork 
of the pan, the dome, the pipihg, the save-all, the conden.ser, etc. It 
has been suggested to coat the inside of* the iron pan with thin copper¬ 
plates but this measure does not appear to have found much encourage¬ 
ment, at least beyond a few remarks as to its introduction here and there, 
after which nothing more has been heard of the propo.sal. The method 
most generally in use is to protect the inside of all thdhe iron parts 
exposed to the action of tlie acid \*apours by means ofc a very adhesive 
coating of heat-and-acid-proof varnish or paint, and to make all bottoms 
inclined so as to prevent every accumulaUon of acid condensation-water 
in the save-alls and tubes. • 

Most of the massecuites to be made ivill consist of mixtures of a 
primary massecuite from syrup and of molasses having a certain quotient 
of jiurity, which both together have to make up the massecuite wanted. 
The quantities of the two constituents are determined by their purities, 
and that of the mixed massecuite desired, using a very simple calculation, 
so that the percentage of the primary massecuite which should be in the 
pan before the molassc*; is added is estimated beforehand. In order to 
facilitaic the work, a scale should be painted on the outside of the pan, 
showing percentages of the contents, so that the pan-boiler can know 
exactly how' far he has to fill Jiis pan with the prini^ry massecuite to be 
sure of a nnal i#assecuite of good composition suitable for the use for 
which it is intended. 

The (Jensity of the syrup is a matter of great consequence in the 
white sugar process. We saw (o;j page 5l) that the density of syrup on 
subsidence and filtration had to oscillate between 26“ and 28° Be., 
measured hot, and this was also the best density for obtaining large and 
well-shapeci crystals. A too low deijsity ^ unnece.ssary and retards the 
boiling process, while at higher densities the crystals will nof grow 
regularly. There fe always a great danger of formation of false grain by 
using a^R highly concentrated syrup. 
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The molasses to be added afterwards to the primary massecuite do 
not part so easily with their sugar content, thereby offering a far smaller 
opportunity for the crystallization of fine sugar crystals; and therefore 
these may be drawn into the jian with a higher density,, even up to 38" Bfe., 
measured hat. 

* Athough the density of the molasses is rather immaterial, its tem¬ 
perature at all events should he at least equal and preferably superior to 
that of the massecuite in the pan, for, if it does not itself easily drop sugar 
crystals, it night cause the liquid in the pan to do so. Hy us lower 
temperature it decreases the temperature of the mother-liquor in the pan 
so far that it could no longer keep all its dis.solved sugar in solution, in 
which case the introduction of cold molasses might cause formation of 
false grain. As we said, this may be totally prevented by keeping the 
molasses warpi before it is drawn into the massecuite in the vacuum pan. 

The methods of boiling for whitosugar do not difler from those in use 
in ordinary sugar manufacture, and therefore we shall abstain here from 
dwelling on that subject, which is extensively treated on in standard works 
on sugar manufacturf.' 

In Chapter 111 will be found a couple of schemes according to which 
we may go to work, in order to obtain all the sugar capable of crystallizing 
out, either m the shape of white granulated first-product, or divided into 
a percentage of first granulated and soft white seconds, or as first white* 
granulated and dark brown after-product. The market conditions may 
lead to the final decision which one may make; every one of them may 
be followed, but it is strictly necessary to boil aK ^he massecuites to grain, 
even the last ones, and in this case a pied-de-cuite from first ma^isecuite 
from syrup, or from a magma of after-product sugar^nd syrup, should be 
used as “ seed ” wliile the desaccharification of the molasses is performed 
by.boiling this alongVith the already existing grain., 

In order to be sure of obtaining exactly that quality of massecuite 
and of molasses one rvould expect from the system selected, we must 
carefully mix our massecuite from syrup with the clariliecf tnofasses so as 
to obtain a mixed massecuite of a kno^rn quotient of purity ; for if this is 
not obtained the scheme has to be altered and rfre are not at all certain of 
obtaining a thoroughly exhausted molasses. , 

Tjhe following list of purity quolieuts of mixed massecuites and. the 
co’Tesponding values of the molasses spun off from tljeni without cooling 


*Cf. H. C, Prin.sen Geerligs, " Cane Sugar and its Manjifacture.*' 
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may be a reliable guide in our calculations, in so far that if we require 
a molasses of 60° purity we have to make the foregoing massecuite to 
have one of 80° and to spin that hot. This list only relates to uncooled 
massecuites, and tjie purities are the apparent values, found by dividing 
100 X polarization bv the degrees Brix. 


Massecuite of 90" purity yields a molasses of 75" 

quotient. 

„ 88° 

71" 

f) 

85" 

„ 65“ 

»J 

„ 82° . „ 

„ 62" 

• M 

„ 80" 

„ 60° 

}J 

70" 

„ 50“ 

n 

„ 65" 

., 45° 


If the mixed massecuite of 60" purity 

is cooled in motion to a tem- 

perature of 45° C, the purity of the molasses w 11 come down to about 


30", and then it will be exhausted.* 


We know at the commencement of a boiling the quotient of purity 
of the syrup, and also that of tlie mola.sses to be drawn in ultimately, and 
from these figures we ran find by a simple equ.-ffion the percentage of 
massecuite from syrup and from molasses tc form a panful of massecuite 
of the desired quotient. 

Supjiose that we have a syrup of 85" purity and a molasses of 65"; 
that we want to make a second massecuite of 75"; and that we get this 
by mixing .v parts of the syrup massecuite with 100 — x parts of the 
molasses massecuite. We tlien have the following equation 

8 ^ a: + 65 (100 - x) = 100 X 75 
85 .V — 65 X — 7500 — 6500 
' 20 1000 • 

.r - 50 

This means that the pan has to be filled half full with syrup massecuite 
before drawing in the molasses. 

These proportions have, properly speaking, only a bearing on the 
dry substance of the different ftaterials, and in case of these having a 
different water content, they have also to be taken into account. Here this 
is not necessary, since the mixed massecuites have, of course, ultinrately 
the same water content, and therefore tMfe relationship remains the same. 
It is a good thiijg to have tables made showing the relation of syrup 
massecqjte for every degree of purity of syrup and of molasses for the 
different massfcuites entering in the scheme. 
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If, for instance, the scheme is to have one first massecuite of 85°, 
one second of 70°, and one final of 60°, we use the three tables 
on pages 87-90, while when other standard purity values are taken as 
a basis of the scheme, similar tables may be calculated and given to 
the pan-boilgr in order to guide him in his work. The figures in the 
tables are ealculated to the nearest unit from the formula given abovC. 

After the necessary amount of syrup has Ireeii boiled to a massecuite, 
the molasses is gradually drawn in and boiling continued to evaporate* the 
surplus watej.and allow the sugar crystailizing out by the evaporation to 
adhere to the already formed grwins, which increase in size and, owing to 
the good circulation maintained in the boiling mass, grow' regularly and 
evenly, so that at the last the large and well-developed sugar crystals are 
evenly divided in a clear molasses, coating and surrounding them evenly 
without hard lumps or cry.stals caked together by desiceated molasses. 

^^'hen finishing the boiling, those'.nassecuites from which molasses is 
expeeted, which has still to give up more of its sugar in a subsequent 
treatment, are boiled less closely than those from which only exhausted 
molasses is expected., The IJrix^ of the first category should be about 
93 or 94, while that of the latter kind may be concentrated much farther 
and go up to 96 or 97. The reason is that if the massecuites give up 
molasses which is not exhausted and is to be drawm into other boilings to 
be totally desaccharified, the projier degree of purity can much more* 
easily be obtained by the exact mixing of syrup massecuite and molasses 
than by concentrating to the utmost, and if we want to have a molasses of 
a certain purity this can much more econoniicaliy^ be obtained by using 
another pro])ortion between the two constituents than by forcing morp sugar 
to crystallize out. As a more openly boiled raas.seciijte is ready sooner, 
runs faster out of*the pan, and offers less trouble in transporting and 
curipg, it is better to boil those massecuites oiien, the<molasses of which 
is later desaccharified. The last massecuites, however, from which 
molasses to be discarded from the factory is expected, and which therefore 
should be as far exhausted as it possibly can, are highly ebneefitrated in 
order to induce all sugar, which can eventually crystallize out, to do so. 
The trouble encountered in transportation, cooling tind curing must be taken 
into the bargain, but when acting as prescribed, it is only part of the 
massecuites which causes the ef.tra trouble, while the rest is worked off 
smoothlV. ^ 

■The degree Brix must not to be confounijed with die actual dry'substance, 
which is, consider-biy less. 
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PUKITY OF THE MiXEU MASSECUITE = 85. 
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Although we advise never to boil string-proof, it might be that 
manufacturers still desire to concentrate the last molasses without grain, 
and in that case the clarified and diluted molasses should be boiled in a 
pan till the required density is obtained, after which the cuite is struck in 
large cisterns and allowed to crystallize there for a couple of vtceks or even 
mon'fts. ■ 

This is, however, an exception, and we shall refrain from further 
• ocettpying ourselves with that old-fashioned way of working, which wastes 
both time and sugar. • » 

As a rule those massccuites which will, after centrifugalhng, yield 
sugar and molasses giving u]) yet further sugar after being returned 
into a second boiling are not cooled but are cured hot f('r the .same reason 
as for their not being highly concentrated. We want a molasses of a 
certain purity and can get that either by cooling .ind depressing thereby 
the quotient, or by taking in a litde more molasses into the mixture. 
Since that latter operation is very easily performed and cooling requires 
time and space, it is much better to calculate the proportion of the two 
constituents of the nii.xed massecuite on the basis af hot-cured molasses 
than to calculate it on the, cold-cured bas^- and take the trouble of 
cooling. 

Yet the receivers of the first and second inassecuites, although they 
Jo not serve as coolers, liai’e to be provided with a stirring apparatus to 
keep the mass in movement during its journey from the pan to the 
centrifugals. The mas.sccuite is hot; it contains rather rich molasses 
from which sugar \vill*crystallize out if it gets cold, and if that sugar 
crystalL.i'.'s out in a stiff mass, without circulation, it will not adliere to 
already existing crysLuls but will form an after-crystallization of minute 
sugar crystals, which make tljc molasses turbid and^stJf, which interfere 
with Its proper sfjiaration from the large crystals, and which are spun 
through the centrifugal linings. With a view to keeping the molasses 
limpid and clear, and also ensuring that the after-crystallization is available 
for the first product, the massecuite coming from the pan must be kept 
in the same gentle motion as it was while boiling; and this action must 
be maintained till it come’s into the centrifugal basket. 

It is advisable to have large irpji troiighs under the pans connected 
by means of wide, open inclined gutters, so that every pan can discharge 
its contents into any of the troughs desired. The outlets of the troughs 
are in tl*^r turn connected with the receivers for the centrifugals by 



92 


Boiling, Curing and Finishing 


open gutters and screws or pumps, but in order to crush the crystals as 
little as possible, the transport of the massecuite through the trough to the 
centrifugals should preferably be done by gravity, and not by chain-pumps 
and the like. i 

The troughs should be of a size to contain the contents of a whole pan 
'with some space over, if it is necessary to mix the massecuite with ciiluted 
molasses, water or sugar crystals. 

A spindle with stirrers keeps the contents in continuous gentle move-' 
ment and iif.pels them slowly torvards fhe outlet. 

For the same reason as mentioned when discussing the fittings of the 
pan, the inside of the troughs should be painted with a good adhesive 
coating of heat-and-acid-resi.sting varnish or paint. The massecuites may 
be acid and may attack the iron plates which might give rise to an 
unpleasant folour in the sugar crystals, with a corresponding reduction 
in the value of rtic finished sugar. 

The last massecuites, w^iich are to be separated into sugar crystals 
and exhausted mola.sscs, need a thorough cooling in order to force all the 
crystallizahlc sugar ^;o assume the crystalline form, for if the molasses in 
which it IS contained were not cooled to a low temperature, it might hold 
sugar in solution which had been disposed to crystallize out, but now is 
thrown away in the exhausted molasses causing loss. 

The coolers for the last massecuite may be of the open or of the 
closed type; they may be provided with a water-jacket or none, all this * 
being immaterial and to be decided according, to the fancy of the manu¬ 
facturer. The principal thing is that they be farge enough to hold the 
contents of a whole pan at one time with some space over to dilute the 
ma.ss with water^or with diluted molasses, while the stirring apparatus 
must be strong enough to move the stiff fnass properly without getting 
bent'or broken. • 

The requirement that each cooler should hold the contents of one 
vacuum pan is necessary in order to be able to tre&t etery panful ^ 
individually, and to prevent the propar crystallization and cooling being 
disturbed by any addition of hot massecuite from a subsequent boiling. 

The possibility of adding water or diluted molasses tp the highly 
concentrated last massecuite ft an Excellent aid to promote crystallization 
of the last portions of sugar still to come out from thf hot molasses; and 
it further enables the mixing of the cooling mass to be carried^t without 
undue stress on the stirring gear, while* finally the curing of the dilute 
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molasses in the centrifugals goes on much better than when in a strongly 
concentrated condition. 

The concentration in the pan of the last massecuite is conducted 
much too far as regards the proper water content of the molasses, but it is 
necessary in order to induce the sugar to crystallize out durin^g the short 
time *of its stay in the pan. As .soon as this advantage is reached, the 
sugar crystallizing out slowly in the cooling mass will come out too, 
if tlv. molasses surrounding the crystals is somewhat diluted ; in fact the 
crystallization is m many cases ev,en a little better in a moderately diluted 
molasses. For all these reasons it is wise^lo dilute the massecuite in the 
coolers to a density of 9b" Hri.K (equivalent to one of 85 ’ in the molasses, 
which corresponds to 80 per cent, of dry substance by the refiactometcr). 

The dilution has to be done very carefully so .is not to form pools of 
water in one part of the cooler in which w'hole portions of the massec.uite 
get dis,solved, while other parts remain intact. The watCT .should be added 
to the massecuite through a perforated pipe at the bottom of the cooler, 
or hot diluted molasses of 70" Bri.'c should# be poured on the top of the 
massecuite. This hot mola.sses readily mixes with the highly concentrated 
mas.secuite, so that the mixture becomes more fluid and in proper condition 
for the crystallization of the last portions of sugar and for the .subsequent 
curing in the centrifugals. 

•• The cooling must not be pushed further than 45" C, and should 
remain preferably a couple of degrees abn\e, as at that temperatui e 
crystallization is fini.shed, and below it the natural viscosity of the molasses 
increases so considerabU''that cooling down to a lower point only causes 
trouble.without any compensating advantage. 
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CURING AND FINISHING. 


The iilblasses is spun off the su^ar crystals by running the inassecuite 

r 

from the troughs or the coolers into centrifugal machines, which are 
made to revolve at high speed. The molasses is forced through the 
meshes of the lining by centrifugal force, while the crystals are’^held' 
back, beingtat the end of the operation taken out of the basket. Yet, 
howeVer long the spinning may be continued, 
there will always remain a thin film of molasses 
around the crystals, which makes them sticky 
and colours them, and which can only be removed 
by washing their surface with water, dilute syrup, 
or steam. . 

I!y this washing, or as it is also called, 
purg'ing or covering, no small amount of sugar 
is dissolved in conpiany with the molasses and 
thereby its quotient of purity is unduly raised, 
while portions of sugar which liad .already been 
obtained from that molasses will return to it 
once more, which is not an economical way oJ 
working. 

When making white sng.ar the sugar crystals 
should be washed freely'in order to deprive them 
as far as possible of the adhering layer of coloured 
• molasses. If the whole ?if that washing water 
or syrup, with all the sug.ar dissolved, is to be 

I 

prevented from mixing again, with the mother- 
liquor just spun off, one or other of the many devices must be used which 
have been invented with the .aim of sep.arating during curmg the mother- 
licjuor from which the sugar li.as been crystallized and the much richer 
w.ashiiigs or purgings. 



Fig 10. * 

Steamin^f Nozzle. 


The first requirement of a good separation is of course to machine 
the crystals as dry .as possiljle in^the centrifugals, so as to leave the 
smallttst jiossible amount of mother-liquor adhering to the crystals and 
re(]uire ; least amount of water for its solution in the washing water 
or syrup. 
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When the molasses layer is being washed off and the washing 
water is being spun off by centrifugal force, great care should be taken 
to prevent these two liquids getting mixed. 


The simplest way of performing this separation is to provide two 
gutters behind the centrifugals, one for the molasses proper, the other for 
the jaire washings. A movable outlet from tlje centrifugal discharges 
the molasses into that gutter to which it belongs by simply inclining it to 

one side or the other. This, 
however, is not (juite suffi¬ 
cient, as the viscid molasses 
has not entirely left the outer 
drum of the centrifugal when 
purging has started, so that 



Fig. 11. 

Spraying No/./le. 


a partial mixing of the two 
cannot be avoided. More¬ 


over, the outlet is not shifted automatically, and there' is consequently 
risk of this operation being sometimes omitted. Another method is an 
arrangement in the outer casing of the centrifugal, which necessitates 
the basket being arranged to turn in. either direction by means of an 


alternation of the driving gear. 


A third device is a centrifugal having two casings, one inside the 
other, each of which is jirovided with a discharge outlet. One casing is 
fixed, as in the ordinary type, while the inner casing may be shifted up or 
’ down by means of a lever. Whilst the true molasses is being separated, 
the movable casing is raised, so that the iiiola.s.ses is caught in the fixed 
one, and passes through its discharge pipe to its respective receiver. As 
soon as purging commences the movable casing is lowered, and catches 
the purging syrup, winch escapes through the other discharge pipe into a 

separate receiver. , ‘ , 

• * 

All these appliances are very ingenious and probably wofk well when 

properly handled, but there is always a chance of inishapsfand that is what 
, one cannot*affor*d to risk in w'hite sugar manufacture. The slightest tinge 
in the sugar will reduce its commercial value and as at so late a stage of 
the manufacturing proces? no mistakes could be made good again, we are 
obliged to g(j the .safest way. 

• * * 

•This is undoubtedly the double curing in two sets of centrifugals 
In the first the poor’molasses is separated and the sugar crystals spun as 
dry as pqjifible, after which the^ are taken out of the basket, mixed with 
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purging syrup in a mixer or pug-mill and cured in the second set of 
machines. There they are washed with a fine spray of water till all the 
adhering molasses is removed. The runnings obtained are partly used to 
pug fresh quantities of dry sugar from the first set, while the surplus is 
carried back to the receiver of the clarified juice, or to that of the first 
molasses, depending on the quality of the sugar or on the kind of massecuite 
which has been cured. 

The figures 12 and 13 show diagraminatically how this double curing 
might be effected. In both cases there are four centrifugals for the first' 
curing, the to-called “foreworkers,” and six for the second spinning, the 



“after-workers." In the first example, the dry crystals of raw' sugar from 
the first set are mixed in a pug-mill with the rich syrup and conveyed into 
the feeding trough of the second set by means of a chain pump. In the 
second example, the dry sugar from the first set is carried into the mixing * 



Arrangement witli Elevator. 

mill above the second centrifugals hy means of an elevator. So it is seen 
there are many possibilities of performing the admixture of the dry sugar 
from the l ore-workers with syrup from the after-workers, and of conveying 
the magma obtained inti? the after-workefc for the final q;jrjng.^ 
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The proportion between the number of fore and after-workefs is not 
a fixed one, as this greatly depends on the character of the niassecuitc tr 
be treated. 


It is wise to maintain a certain elasticity in the ratio of the mnnbers 
of the\\vo kinds of centrifugals in order always to he ready for e\ ery 
emergency. Tlierefore the ceiilrifugals which .ai^ all ol the*same size 
and [lattern are arranged in one continuous row and lia\e two feeding 
troufj^s A, B placed behind them, as shown m Fig. 14. These have two 



1 


Ij iWlnWltlMlif 







Fig 11 

ArningemeiU witli a variable number of fore and after workers. 


Olienings o))i)Osite e.ach centrifugal, so that masse.cuite can be fed into 
■^ny centrifugal from either feeding trough aeeordiiig to how the attendant 
has set the calve. , 

a II, therefore, feeding trough A reeeixes the origintil masseeiiite, as 
many eentrifugals as may he thought necessary for use as fore-workers 
can be sot to draw lheii'su))ply from it, and in llic figure the centrifugals 
C have been so arrariged. 'I'h^ sugar from the centfffugals is guided by 
swivel shoots inlo’one or other of the two conveyors D and E. T'he 
convenor from the first set takes the sugar of the for^j^gkers to the' 
mixing milUfrona which it is clewited to the feeding trough B, which has 
* been set to supply the other ccntnfcgtals il. These are the after-workers, 
the sugar from them being di.srharged on the other or white sugar conveyor, 
while the molasses is discharged through swivel spouts. The fore-workers 
deliver into one gutter and the after-w^irkcr% into another. 

If it is found tliat the proportion of fore and after-workers *s not 
correct, a simple alteration of the valves of the feeding troughs, the swivel 
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shoots under the centrifugals, and the swivel molasses discharge pipes, 
will allow any other desired grouping. This arrangement has^an incidental 
advantage in that, if it is desired to cure two different grades in the 
ordinary way, it is possible to use all the machines for one kind of 
massecuite and of sugar at the same time. It is evident that although the 
fore-workers need not i e provided with apiiliances for washing the sugar 
with water, all of them suould be so provided m case they are all used for 
making a sugar which requires washing. And save for that reason, it 
would he good to have a hose connected with each centrifugal in order 
to wash out the linings occasionally, as in the meshes .some .sugar might 
be Caked and dried up and so impede the regular outilow of the molasses. 


Ill .sonic factories the set of fore-workers has been replaced by one 
big maclimeof special design, which is open at tlie bottom (Fig. 15.) The 
massecuite enters it from the mixer when the centiifugal is running at 

full speed, the sugar clinging to the 
walls of the basket, while the molasses 
passes through. l!y slackening the 
speed of the machine, so as to reduce 
the centrifugal force, the sugar is 
caused to .slip down until it falls 
through the open base of the basket 
into a second iiug-mill, where it is 
mixed with puigiug syru]i and then 
finally cured in the ordinary centri¬ 
fugals {Plate 4.) 

The washing in the second s..t of 
centrifugals, the after-workers, may 
be done by means of a spray of water, 
or by a fine jet, or by steam, which 
conuenses on the crystals, washes off the layer of adhering molasses, and 
is spun off as sugar solution. In case of covering with water, conden¬ 
sation water from the hot-well should be used after having been cooled 
down, and on no account should wattr from a ditch or river be employed 
as it might convey dirt or noxious raicro-ergarisms or fungi into the white 
sugar, a danger which should be carefully avoided for obvious reasons. 



Fa,. I.*). 

Sdf-discharglng Centrifugal 


The mother-liquor is clarified and boiled again if it is not exhausted, 
while the final mola.sses, spun off from the .suga' crystals in the last 
massecuites without covering, is thrown away. 
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The purging syrups are partly used to pug fresh portions of the raw 
sugar from the fore-workers, while the balance is returned to the juices 
or first molasses. In order, however, to prevent this syrup or portions of 
it ren^aining constantly in the ccntrifugalling plant, all the purging syrup 
is from time to time sent back to the juices, and the purging s^jirted again 
with ^pter or with fresh syrup from the evaporates. 

The purging syrup which is not wanted for the pugging of new por¬ 
tions^ of raw sugar is .sent hack to the clarified juice in the case of first 
massecuites, and to the clarified first molasses if it has comc^from after¬ 
product sugar, so as to bring it back to tlte same stage of jnirity from 
which the sugar originated. • 

It is not wise to return the jHirging syrup of first sugar to the syrup, 
because, being of quite a dilferent density, this might confuse the pan-boiler 
who prefers to work with syrup of uniform density, especially Vhen lioiling 
massecuite for white sugar. It is therefore bettor to •return it to the 
clarified juice, after which it is concentrated to the usual density of syrup 
in the evaporators. * 

In cases when the sugars from tne first rnd the*second massecuites 
have to be mixed together to form one grace of white sugar, the centri- 
fugalling majibe facilitated by not curing the sugar from the fore-workers 
of the second massecuite in the after-workers, but by bringing it in the 
troughs into which the first massecuite had been struck. That sugar had 
Jreen ('eprived as far as possible of its adhering mother liquor, and when 
stirred in the troughs with^the first massecuite the thin layer of mola.sses 
still Slicking to the crysfcils mixes with the purer molasses from the first 
massecui'i-c. This mixing has the same effect as if the sugar had been 
mixed in a pug-mill h^fore being cured a second time, while the small 
amount of low grade molasses ;loes not affect consiijer^ly the purity of 
the first molasses. , ^ ’ 

In other cases the last sugars, called “ molasses si^-.k,’''’ are only 
spun dry in^the fore-workers and are not submitted to a second curing in 
• the after-workers. They are eithej sold as molasses sugars or they are 
pugged with syrup into a magma which serves as seed wherewith to start 
a new boiling. The syrup washes off the layer of molasses surrounding 
the crystals, so that the mixture, which is djawn into the vacuum pan as 
seed,*consists of pure sucrose crystals in a saccharine liquid having the 
purity of the syrup from which a portion of the sugar has already crystal¬ 
lized out, ic., the identical constitution of a syrup in the pan after the 
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graining lias taken plare and the grain has attained the same size as that 
of the crystals used for seed. There is therefore no objecti,on whatever 
against starting a new niassecuile lor while sugar in this practical way. 

\Mien the sugar is (piite cured and jnirged, it is. sometimes bl^’ed in 
order In nerlrali/e tlii' hist traces of yellow (olour. riie classical material 
which lias lieen used sMce times iniiiU'iiional to make yellowislusugar 
appear sparkling w lute is ultramarine blue. packet of that blue dye¬ 
stuff is mixed in a large pail of water and well stirred, and as soon a.. tlie_ 
purging syrpp is entirely simii off a cupful of the ultramarine emulsion is 
poured into the centrifugal basket over the sugar. The particles of blue 
are held between the sugar cr\.stals and the water jia.sses through, ^^'hen ^ 
the sugar is discharged on the cnineyor we see parts of the sugar coloured 
distiuctlv blue while others are not touched at all, hut the sugar crystals 
are so well mixed on the conveyor and in the sieu-s or screens, that at 

t 

the moment when the sugar is bagged, the roloui has become quite even 
Without any blue patches being visible. I'ltnimaime, though possessing 
a beautiful blue colour wliu^di adniindily mixes with the slightly dirty 
yellowish tinge ol white plantation sugar to prudiue a good neutral white 
tone, has the serious disaiUantage of not being acul-fast and, what is still 
worse, of being deeomiiosable by acids with the formation of e\il snudling 
sulphuretted hydrogen. „ 

When white plantation sugar blued with ultramarine is used for the 
sweetening of lemoiiiule, wine, or in short any preparations into which 
acid juices enter, the blue dye gives olf this had smelling I'onstituent, 
thereby s]ioihng the fine flavour of the liquors giid dimiiiishiiig their value 
as beverages. ' 

In order to obviate this, much use has been made of late ol an acid- 
fast and quite iiwiluble dye-stuff, called iinltiiillirt'iU'. It is sold cither as 
a paste or preciiiitAed on de.xtrin as a dry jiowder, which is diluted in 
watet'';'is_t like ultramarine and is enqiloyed in exactlykhe same way. As 
has been sau. A is insoluble, quite, harmle.ss, and colour.s everything very 
strongly just as does ultramarine, but it is arid-fast ami diHjs not impart 
an unplea.sant .smell to the rondinieiiti or aerated dunks made with it; on ^ 
the other hand the colour is not .so pure a blye as are specially selected 
brands of uitraniarine for sugar-hou.se use, and does not give so beautiful 
a neutral tone with the yeljo)vish tinge of wliite plantation sugaivs. 

hs a rule only granulated sugars are blued, while pile, cubes, and 
white st.onds do not undergo any such treatment at all, but are sold in 
their natural state of coloration. 
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Up to now the treatment of the different kinds of white sugar has 
been the same, while the finishing touches only show such differences as 
will^ollow from the observations given here. 

Granulated Sugar. —After the granuhited sugar has been cured, 
purged, and, if desired, hhied, it has next to be (^ied. Tlie Best way of 
drying that sugar is by a jet of dry steam in t/e centrifugal and not in 
a sjitcial dryer or granulator, in which raw sugar may he treated with 
‘success. The brilliant sugar i rystals lose their lustre in a llersey or other 
dryer, owing to their being rubbed against each other and to Ike sugtir dust 
being driven by the an over tlie moist suitaeeof the ciystals entering into 
the dryer. Tlierebv the commertial \alue is diminished uniiect’ssarily, 
and that is why we advoiate dryitig jilantation wluteaby steam in the 
centi ifugal. 



Fi<,. in. 

SngUr Sifter. 


The steam ought to be dry and suiierhealed by passing it through a 
small heater' previous to its being introduced into the centrifugal. The 
condensed w'ater formed is vaporized again in the furnace, so tl»at the 
steam is quite dry'when it strikes the sugar grain and takes away the 
moisture -without impairing th^ brilliancy of the crystals. The, steamed 
sugar after bemg discharged from the cqptrifugal is passed through a sieve 
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(Fig. 16) where big lumps or pieces of rust or, in short, everything not 
belonging to the pure sugar crystals, is held back and during that sieving 
it cools so that it may be bagged quite dry and cool. Sugar should i)over ■ 
be bagged when still warm, for in th.at case it may cuke, together, ^ming 
hard niassa', in the bags to the detriment of its value. 

Second Boiling Granulated.-In some countries there, is a ready 
dom.and for a white, moist second-product sugar, which should bvj ex¬ 
tremely fine-grained. This sugar is obtained by boiling first molasses 
of about 70* quotient of purity on grain, which grain is built up from the 
molasses and not from a pied-de.-cuite from syrup. A pied-de-cuite of 
very small-grained molasses sugar may also do, but the requirement is a 
small size of grain, so that a jiicd-rie-cuilc of syrup does not suit the 
purpose. This massecuitc is concentrated to a Brix of about 93, cured 
double, and fn the last set of centrifugals only treated with purging syrup, 
without covering with water or dfymg. The sugar conies out moist, 
which moisture must consist of the last remnants of the glucose-containing 
purge syrup and not of water.' The reason for this is that the purchasers 
want a moist, soft spgar, which must remain so even after being stored for 
a long time. If the moisture consists of water, or rather pure sugar'solu¬ 
tion, it will t'vaporate and the mass in the bags will become a hard lump, 
while if that moisture eon.sists of syrup containing sucrose and glucose, it 
keep.s moist, owing to the hygroscopieity of the solids, and thereby 'he 
sugar retains its softness. Many in.stances of moist white seconds having 
become unsaleable after having been stored for some months in a dry 
warehouse have been found to be due to a too fxtensive removal of the 
white purging syriq). Such sugar should contain at least 0-25.per dent, 
of reducing sugars, while lower quantities may give rise to the objection¬ 
able pheuomenoK just referred to. 

« 

•'.^pround Second Sugar,—In some cases a very fne, white sugar is 
wanted, wui'h is obtained by passing a well-dried white after-product 
sugar through a'disinlegrator. The sugar must be quitp dry in order to 
be ground to a fine powder, while, owing to the crushing of the crystals, 
the colour of the finely divided sugar is much whiter than that of the 
larger crystals from which it has been made. 

Lump Sugar.- Sometiimas th« moist white second sugars are pressed 
into blocks of a few pounds’ w'eiglit and sold; but this method of dis- 
tributioi has not met with much success, because the block of sugar 
becomes so hard tha it is difficult to brekk it conveniently for use. 
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Pile or “Brok8uiker.’*--The pile sugar as is made in South America 
and in Spain is a white sugar, having the form of irregular pieces of a 

very fine, grainy, crystalline mass, 
while the corresponding “broksuiker” 
of Java is outlie same •[uality and 
only occursjiieces in the form of 
bricks or broken divisions of the same. 
Both sugars are made from a very 
finely-grained first niassecuitc which 
is centrifugalled in the ordinary way, 
after which it is washed with water 
till the purging syrup is quite white. 
After that washing, steam is admitted 
to tlie centrii"gal, so that the surface 
of the crystals gets wet and sugar is 
t uiiiifugal foi I lie Sugar dissolved. If the steaming IS stopped 

at the same time as the centrifugal, the st^gar will come out, as we have 
shown, in loose crystals, but if the steam is stopped, say, five minutes 
befoie the centrifugal, the 
sugar dries in the basket 
owing to tlft air passing 
tltfough the mass, and this 
drying causes the film of 
’dissolved sugar which sur¬ 
rounds the crystals to sol irlrfy 
an4 bind the wliole mass 
together into a solid luiii]) 

(Fig. 17'. In the caSe of 
pile, the sugar is dug nut of 
-the basket with a iftuc/ic/c <.r 
a crowbar, and put through 

a breaker, ,tlie 'umps being Pm 

sorted out into different sizes. , Cuntrifugal for Cube rfugar. 



Th(^ “ broksuiker ” of Java is always moulded in blocks. The way 
of making it is the same as has already been described, but the basket is 
filled with moulds of the size desirSd, so*tffat when the centrifugal is 
stopped the moulds t'an be withdrawn separately and the sugar preserved 
in neat handy blocks. In some factories the bottoms of the moulds are 
made of centrffifgal gauze with a monogram or trade mark fi.\ed in the 
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micidle, so tlial the blocks of suftar ha\ e a neat desiitn stamped on them; 
but in other cases the moulds simiily he against the centVifugal shell, 
which is lined with a jierforated copjirr plate. The suRar brick^are 
dried in the sun or in a special hot-air chamber, afterhvhich they ar^ready 
for sale. V 

Cubes.— Instead bricks, moulds ha\inR the form of slabs are 

sometimes titled m the centnfuRal, so that the centrifugalled sugar ^here 
assumes the hum of rectanRular jilates ol the desired thakness (Fig. 1S).‘ 
These ate pf.rged and steamed just like pile sugar, and after liaving been 
dried are cul in pieces by means of automatie shears (h'lg. Ih). 




Fi,.. 111. ’ 

Caittini^ yiacliinc fur Sugar Cubes. • 

.■\ sccmu^^rin of cube sugar is the, Hersey, made by pressing a 

■ I 

mi.sture of \ery fine white sugar and a thick sugar syrup in cube pieces 
by means of a drum with stpiare opennigs through which the thick magma 
is pressed. The moist rubes are collected on a carrier and .sloAvly trans¬ 
ported through a hot-air cliamber from which they emerge <^uite dry and 
ready^for sale (Fig. 20). • , 

r •’nulated first and second sugars are packed in double bags, the 
moist white seconds in single bags, tvl^ile the packing of fancy sugars 
differs according to circunistancijs. 
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, Fk;. ‘20 
llerscy Cube Sugar Press. 










CHAPTER III. 


SCHEMES FOR THE MANUFACTURE OF WHITE SUG<^ 

0 


OF DIFFERENT DESCRIPTIONS, AND THE NECESSARY 
CAPACITY qp THE PLANT REQUIRED. 


\Ve saw in the foregoing chapters that several kinds of white sugar 
may be made from svrup according to th« demands of the market, and for 
convenience’ sake we give here a couple of schemes by which all the 
crystalliz.^ble sugar from the syrup may be obtained as a white product 
within three or four days’ time simply by boiling to grain, so that six days 
after the last canes have been crushed all the available sugar may be in 
the bags. 

f 

7 .—Schcffic turning oui otic %ori of White Granutaied. 


The syrup is boiled to grain, and 

* 

Impure White Sugar. 

It IS pugged in a png-mill or mixer 
with purging syrup, centnfugalled in 
the after-workers, washed, blued and 
dried with dry steam 

I 

! 

White Purging Syrup. 

Granulated. jj, partly u.sed for 
I)ngging fresh por- 
tiors of the impure 
whi^ sugar, while 
the balance goes 
• back to the clarified 

Juice. 


centrifugalled hot in the fore-workers. 

First Molasses. 

Tliis is clarified as indicated, and boiled 
on a pied'de cuite of molasses sugar and 
syrup to a second boiling of* 70^^ I’urity, 
of large grain This is cured hot in the 
fore-workers without washing. 

I 

r -^ 

Impure • Second 

White Sugar? Molassejs. , 

Tins IS carried to the This is boiled tc 

troughs in whicj^ grain on a pied-dt' 

the first trolling is cuitc of .syrup to n 

.struck, and treated purity of GO®. Th< 

along with this to massecuite is highl 
be turned into concentrated, coolec 

White andfcuretj withoui 

Granulated. w ash in g. 



Molas ses Exhausted 

Sugar. Molasses* 


Is sold as such or is 
melted in the juice 
or mixed with syrup 
to serve as "seed” 
•for the second 
massecuite. 



Schemes for White Sugar Manufacture 


107' 


» 

II.—Scheme for turning out White Granulated and White Secondo. 


.^]^e syrup is boiled to gram and centrifugalled hot in the fore-workers. 


, Impure White Sugar. 


- ^ 

First Molasses. 


It is pugged in a pug-mill or mixer 
witl^purging syrup, centrifugalled in the 

after-workers, washed, blued and dried 

■* 

with dry steam. 

L 

White Purging Syrup. 
Granulated, u 

U'tcd for 
pugging fresh por¬ 
tions of the impure 
white sugar, while 
the balance goes 
hack to the clarifu-i 
juice 


It is clari'^ed, diluted, 'boiled to grain 
without any pied-de-cuite of syrup or 
molasses sugar. The grain should be 
small. The massecuite is highly con¬ 
centrated, cooled for a long time, and 
cured without washing. • 

/ 

Impure Second 
Sugar. 

This is in’\cd with 
purging syrup in a 
mixer or pug-mill^ 
centrifugalled in the 
after-workers and 
waslied if required. 


Molasses. 

This is discarded 
from the factory as 
bjing exhausted, or 
■snay still be boiled 
smooth in order to 
effect some crystal¬ 
lization. It is then 
separated into— 


White 

Second 

Sugar. 


Purging Syrup. 

Tins is partly used 
for pugging ftesh 
poi lions of impure 
white second sugar, 
while the balance 
gees back to the 
clarified fust mo¬ 
lasses. 

> ■ ■ ■ \ 

> Black 

Alter Exhausted 
Products. Molasses. 


\Wien calculating the cap£u;ities of the pans and the coolers and also 
of the centrifugals for making white sugar, by one or other of the 
two schemes given above, we may state everything on 1000 tons of 
cane pe^ 24 hours and assume an extraction of 78 per cent, and a density 
pf the undiluted juice of 18" I5ri» Tl«;jt]uoticnt of purity of the syrup 
is taken as 85", the density of the^inassecuite as 94" Brix, the purity of the 
three mas.'^ecuites respectively at 85", 70° and 60°, while the purity of the 
sugar from fhe fore-workert is as.sumed to be 97'5°. 
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The amount of sugar redissolved and returned to the syrup on curing 
in the after-workers is neglected, just as is the loss in the filter-press cakes 
and the unaccounted loss. ^ 

Scheme I.-- -Tlie final molasses is, from the list on page 85, as Io>v as 
30^’, while tin* intermeduKe molasses have purity values of 65" and 50“ 
respectively. , 

1000 tons of cane yield, with an c.xtraction of 78 jier cent., 780 tcxjs 
of undiluted juice, which with a lirix of 18" represent 140'4 tons of dry 
substance in tlMr syrup or m the primary massecuite. 

When curing a mas.secuite of 85" purity m a hot state and obtaining 
a raw sugar of 07'5” imrity and a molasses of 65“ we obtain (calculating 
for the monierit everything on the dry stibstance btisis) 61'5 lier cent, of 
sugar and 38'5 jier cent, of first molasses from the well-known formula : 
Quotient massecuite 


Sugar 


Quotient molasses 

- X 100 


•Quotient sugar — Quotient molasses 
85 — 65 

Sugar - x 100 

Sugar ()T5 percent.; and molasses 100 —6l'5 - 38’5 per cent. 

In the same way calculation will sliow that 100 parts of the masse¬ 
cuite of 70" purity yield 43 jiarts of sugar of 97-5 ' purity ;ind iS parts of 
niolas.ses ul a purity of 50", it being well understood that everything is^ 
calculated as dry substance for tlie moment. 

100 parts of second massecuite of 70" purity require 75 parts of 
molasses of 65" ]iurity to form a mixed massecuil»of 70 ’purity according 
to the second w'ell-known formula: • 


Syrup 


Quotient mixed massecuite — Quoti ent molasses 
Quotient syrup - Quotient molasses 

Syrup = —X 100 


X 100 


Syrup = 25 per c^nt.; and molasses to be added — 100 — 25 — 75 percent. 

• 

In the same w'ay we find that when making a mixed mas^cuite of 
60° purity from syrup of 85“ and molassestif 50", we want 28-6 parts of dry 
substance from syrup and 71-4 parts from the fnolasses. With those 
figures we arrive at the following calculation ; < 

100 parts massecuite of 85“ ^ity yteld 38-5 parts of molasses of 65“* 
100 parts massecuite of 70" purity yjeld 58 parts of molasses of 50°; 
100 parts .nassecuite of 70“ purity require 75 parts of molasses of 65"; 
100 parts massecuite of 60" purity require*71-4 parts of mftlasses of 50". 
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.',S-6 parts of piniuuy 


The molasses for those 100 parts of massecuite of 60“ is obtained 
71-4 X 100 

rom-,-123 parts massecuite of /(r purity. 

JO 

hie molasses of these 173 parts of massecuite of 70'-' is obtained 
roni' —y ^—' = .140 parts of primary massecuite of 80“. ^ 

tVeTave thercd'ore: 

1,00 parts of massecuite coiiPuiiing 
massecuite; 

• 123 

123 parts of massecuite contaiiiint; X 2.5 - 30'7 p;«ts of primary 

massecuite 

240 parts of iirimary massecuite 2+0-0 parts. 

463 parts of total mixed massccuites containiu,.; 299-3 jiarts ot the 
jirmiary one. ^ 

The 1-10-4 tons of drv substance m tlie syrup beconje therefore by 

217 tons of dry 
217 X 100 


140 y 4()3 

the first scheme under consideration ajp- j ^ 


massecuite or, with a Ifnx of 93eijual to 


, 93 


234 tons 


of Tnassecmte with its jiropcr nioisture content to be boiled per 24 hours. 

We :»;sume the boilinft lime to be the same for every catettory of 
mas.secuites, which will not be far amiss, and if wo take the time for 
boilinit, emptying, steaming out, etc., at 8 homs, the total vaciinni 
capcicitr should be 80 tons workmp' contents. 

The 234 tons of nia'*secuite are subdn ided into 122 tons of 85“, 62 tons 
ci 70 , and only 50 tons of 60 . The two hrsl-mentioned boilings are 
cured hot, while the la.st one needs (ooliiiK. When allowiiift the last 
massecuite to ci'cuiw* the coolers duriiift thiet days ^he coolci capacity 
shotilo be 3 X 50 " - 150 toiTs. 

'I'he weight*of mas.secuite to be cured is as follows: 

In the fore-w'oikers - » 

1 ^ 4ons fif first massecuite o[ 85“ puritv yielding per 100 

93 

• 61 5 X — - 71 tons. 

^ tons of second nuissecuite of 70“ iiuiity yieldintt ]iei 100 
* “ ■ 93 

42 X- = 25-7 „ 

• • • 98 

50 tons of ^lird massecuite of 60’purity. 

25-7 tons of moist sugar from the second massecuite returned into 

_ , the troughs oi the first mas.secuite. 

259-7 tons. 
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In the after-workers— 

7) tons of moist sugar from the first massecuite. 

25'7 tons of sugar from the second massecuite returned in the firs^ 

— ones. / 

96’7 wliich with the syrup used for pugging half that amount maans a 
total weight for the after-workers of about 150 tons. ^ 

The ccittrifiigiiJUng capacities per 24 hours are therefore 260 tons 

for the fore and 150 tons for tlie after-workers. 

% 

The worl<*in the former is much easier done than in the latter, save 
for the last massecuite, which is very sticky. h'i.Ncd figures as to the 
time of centrifugalling cannot be given, as these depend on too many 
factors to be duly considered. • 

Scheme V- —The data concerning tlie weight of cane, the purity of 
the juice, etc., fen^im the same, the fuial molasses also having a purity 
of 30". The purity rvalues of the two massecuites are 85" and 65". 

We saw from the former fxample that when boiling a massecuite 
of 85" iiurity and cefttrifugalling hot we obtained 61'5 parts of raw 
sugar, and 38-5 parts of first molasses of 65" purity. When this molasses 
is boiled to grain, highly concentrated, cooled during a lon^ time and 
cured hot we obtain a molasses of 35", and from the equation we find a 
proportion of 48 parts of imiiure sugar against 52 parts of molasses* 
everything computed on the dry substance basis. We come to the 
following results; 

100 parts of primary massecuite yield 38-5 parts of molasses ai^i 
61-5 parts of sugar. 

Those 38-5 parts ff sugar yield 20 partj of mola.sscs of 35 and 18-5 
parts "of sugar. , 

The 20 par-ts of molasses are boiled smooth and cooled for a long 
time. They are cured when work permits. • ^ 

100 parts of primary massecuite therefore make: 100 + 38-5 + 20 = 
158-5 parts of dry total massecuite. * ^ 

The 140-4 tons of dry substance m the syrup therefore betome from 
the secoftd scheme under consideration; 140-4 X 158-5 100 = 222-7 

tons of di^ massecuite or, with a Brit of 93", equal to 240 tons of masse¬ 
cuite with its proper moisture to be boiled ner 24 hours. ^ 
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These are subdivided into 151 tons of first, and 58 tons*of second 
massecuite, which are boded to grain, while the remaining 31 tons are 
foiled smooth. We shall assume again the boiling time of the first ones 
to be 8 hours, but that of the latter to be much shorter, namely 2 hours. 

* t 

The total vacuum pan cn/)rtC(Vji is therefore one-third of, 151 + 58 = 
209 

— 69 .6 jjnd one-twelfth of 31 or 2'5, so fiiat the total vacuum pan 
cajvicity required is 72T tons. 

The first massecuite is not*cooled at all and the last is cooled in 
cisterns, so that only the second is cooled in coolers during the course of 
manufacture. This amounts to 58 tons, and when allowing for four days 
we find the necessary cooler capacity to be 231) tons. 

The weight of massecuite to be cured is as follows; 

In the fore-workers--- * 

151 tons of first massecuite of 85" purity yielding*per 100 

93 

^1‘5 ^ )ous 

58 tons of second massecuite yieldin,: per IOC 

• 93 

— 48 X — ~ 20-4 tons 

209 tens. 


Tn the after-workers - - 

88'1 tons of sugar from the first massecuite 
2C'4 tons of sugar J'rom the second massecuite • 

__ • 

114‘5 tons of moist sugar which with the syrup used for pugging hall 
that amount means a4otal weight for the after*worker^ of 170 tons. 

• • 

The cciitrifugallini; capacities per 24 hours are therefore 209 tons 
for the fore-worl<ers and 170 tons for the after-workers. *'■* 
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MATERIALS EMPLOYED IN THE 
MANUFACTURE OF 
PLANTATION WHITE SUGAR. 

I. LIME. 

Requirements. 

In diose facfffic'; where the juire IR clarified by the defecation 
process, either followed or not by siilpliitalion or any otiier process in 
whirl) only moderate amounts Vif lime are used, it is tustoniary not to 
burn the lime on the e«.tate, but to purchase it from outside. 

'I'he amount of lime consumed in such factorie.s is, as we saw on 
jiage 19, relatii'L'ly small; and since lime is the most actn'c clarifying 
agent, it is well to bestow some attention on its ijuahty so as to ii.se llie 
very best and puiesl olitainable, for any attempt at economy involving 
the jiurchase of an inferior iiroduct wall invanahly result in suhseiiiient . 
ttoubie and loss. 

Lime readily absorbs moisture and rarhomc aiad from the atmosphere, 
for which reason it should he ke])t in closed packages, for instance in iron 
drums oi in sealeij tins, htil not in baskets, and nvah less in otien heaps 
in a shed. ‘■ 

lufhMised for clarification should answer the following tests' 

When mi.ved c ith half its weight of water it should heroine very hot 
wilbiii a few minutes; the slaked lime, after ih.e addition of ten times it.s 
weight of water should form a soft creatli, winch on being jiassed through 
a fine .sieve should not leave hehind more 'unslaked jiarlicles than 
one-tenth of the original weiglit, and most of these particles should 
becomepSofl after an hout’i. Aiandn.g in a moist condition. 'I'he li^ne, 
after being slaked, should dissolve in, hydrochloric, acidiwithout appreciable 
efferve.scence, and not leave more than 2 per cent, of in.soluble matter. 
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The iraximum impurities should be; , 

Iron oxide and alumina ... ... 2 per cent. 

Sulphuric acid . 0'50 „ 

Magnesia.. 2 „ 

Silica . 2 „ , 

Carbonic acid ... ... ... 2 „ 

Moisture ... ... ... ... * 2 „ 

If burnt at too high a temperature it .sinters somewhat and .slakes 
with difficulty or not at all, so that it loses its efficiency, a*id when used 
in the single carhonatation proce.ss may cause a very objectionable after- 
slaking and alkaline reaction in the carbonatated juice in the filtef-presses. 

Pure lime, hov\ever, requires such a high temyierature before being 
over-burnt as can hardly be obtained in an ordinary lime-kiln, and lime 
which in reality becomes over-burnt at a relatively low fbmperature is 
generally impure. For if the limestone (from whieh«the lime has been 
prejiared) contains silica together with alumina or iron oxide, fusible 
silicates are formed, and the lime is liablf^to become o^■er-burnt. Usually 
the appearance of the pieces t f hnie indicateg whether it has so 
sufftred, but those pieces are generally picked out by the burner, so 
that the buyer very seldom finds them in the product supplied. 

Water and carbonic acid, though not harmful, decrease the effect of 
i given quantity of lime, which exyilains why there are fixed limits for 
ihe.se constituents and also for the in.soluble impurities which consist of 
iaiid or clay. Iron oxidg and alumina give rise to th» formation of scale 
n the ova|)orators; tlflise caused by alumina being remarkable because 
'ormeu from .soluble aluminates during evaporation. 

Idagnosia is a viwy troublesome impurity in lim*, when present in 
appiaciable quantity. In th6 defecation process ft gives the juices an 
unpleasant coloifh and retards subsidence, so that the decanted juice 
ilways contains suspended matter which forms scale^in the evaporators, 
[n the sm^'le carbonatatioft process the carbonic acid first converts the 
magnesia into magaesium carbojiate which is insoluble but, on further 
iddition, the soluble magnesium bicarbonate is formed. Later on, after 
hltratic#!, the magnesium bicarbonate acts upon the lime-.salts with the 
formation *of free lime, so that ^le fijrmer neutral reaction of the 
iltered juice becoijies alkaline again, which phenomenon at tfie high 
temperature in the evaporators give.s*rise to a dark coloration of the juice. 
If the juices treated by dauble carbonatation or by sulphitation after 







114 Materials employed in White Supar Manufacture 

single carbonatation, tl>ese detrimental effects are obviated, but in order 
to be safe the permissible percentage, of magnesia in clarification lime 
must be restricted to a maximum of 2 per cent. 

Sulphuric acid present in the lime (as calcium .s'ulphate) also scales 
the evaporatbrs, and should not occur in any appreciable quantity. Alkalis, 
on the other hand, are harmless, and usually occur onlv in small amount. 

r* 


Methods for the Analysis of Clarification Lime. 

Sampling.—From the lot of lime purcha.sed, a number of jiieces, both 
small and large, are chosen at random; ‘ihey are broken smaller to the size 
of an egg by means of a hammer. The jiieces are piled u]) into a heap, 
from which one section is taken to be iiiled up into another hea]) and sub¬ 
divided till a subsfiinple of about 2 lbs. is obtained. Tins is cruslied into 
a coarse powder and kept in a slopiiered bottle. As lime rajiidly attracts 
carbonic acid and moisture frodl the atmosphere, the sanijiling .sliould be 
done very quickly. •' 

Matter Insoluble in Hydrochloric Acid.— 5 grms. of the coarse lime 
powder are placed in a beaker; about 50 c.c. of water arc added and after 
the lime has slaked, so much liydrocliloric acid is gradually added till po 
more dissolves. A few c.c. of nitric acid are run into tlie solution, which 
is boiled and filtered through an ash-free filter into an lirlcnmeyer flask* 
of about 300-400 fc.c. capacity. Tlie insoluble part remaining on the Alter 
is washed with hot water, till the filtrate shows a neutral reaction, a/ter 
which it is dried and burnt in a platinum crucible. The weight of the a.sh 
is that of the inso'uble rnJtter from 5 grms. of lim-s. 

Silica.— Tlie filtrate from the foregoing operation, \yhich together with 
the wash water will occupy a volume of 200-300 c.c., is lieated to boiling 
point and nearly neutralized with ammonia, leaving the liquid only faintly 
acid and absolutely clear. This solution is boiled gently for 6ne or two 
minutes and a few drops of ammonia a'dded, rendering it slightly alkaline. 
After boiling for a short time, it is then allowed to subside and is filtered 
into a litre flask, the filter being washed thoroughly. The precipitate con¬ 
sists oi silica, togetlier with k-liSminaj^iron oxide and perhaps traces of lime; 
ii is d'ssolved from the filter in dilute hydrochloriS acid, and the paper 
washed with w’ater. 
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The solution together with the wash water is evaporated in a porce¬ 
lain dish to dryness and heated in an air-bath at a temperature of 
‘■120-140° C for one hour. The dry residue is moistened with a few drops 
of strong hydrochloric acid, diluted with water, heated and filtered through 
an adli-free filter which is washed. The filter with its contents is dried, 
andjjicinerated in a platinum crucible. The weight of the ash is that of 

the silica in 5 grins, of lime. 

.* 

Iron Oxide and Alumina.— ^The filtrate and wash waters from the 
silica determination are heated to boiling in an Erlenmfeyer flask and 
nearly neutralized with ammonia so that the liquid remains only faintly 
acid and completely clear. It is_boiled gently for one or two minutes and 
rendered alkaline by means of a few drops of ammonia. The precipitate 
is collected on an ash-free filter, washed, diied, and incinerated in a 
platinum crucible. The weight found on tliis occasion is that of the iron 
oxide and alumina in 5 grms. of liihe. 

Calcium Oxide.— -The filtrate and ^wash waters of the foregoing 
operations, which may contain some lime-.salts, are added to the liquid in 
thejitre flask which had been filtered oiT from the first precipitation with 
ammonia. The liquid is cooled to room temperature, made up with 
water to Ae mark and well shaken (Solution A). 50 c.c. of this are 

diluted with about 200 c.c. of hot water in a beaker or an Erlenraeyer 
flask; a little ammonia is added, and the mixture brought to the boil, after 
which tile lime is precipitated by a solution of ammonium oxalate. The 
liquid is stood in a warn? place for a couple of hours, Preferably on a hot 
ai^-balh, and at the end of that time filtered through an ash-free filter, 
after ensuring that any further addition of the ammonium oxalate reagent 
produces no further precipitation. The precipitate on tiie filter is washed 
with water, till the washings ho longer become turlfld with nitric acid and 
sih er nitrate. Tlie lime may be weighed either as oxalate or as carbonate. 

In the first^case, the precipitate is filtered througlf a dry tared paper, 
that is a paper which has previously been placed in a drying-bottle, dried 
it 100° C in an air-bath and weighed. The washed paper containing 
the precipitate is replaced in the drying-bottle, which is again heated in 
the air-batlt at 100° until its weight is constant. 

The weight fowid for the calciu^i oxalate with its water of crystal¬ 
lization is multiplied by the factor 0-3836 in order to find the weight of 
the calcium oKi^ in 0-250 grin, of lime. 



116 Materiafs employed in White Sugar Manufacture 

In the second method the dried filter with the calcium oxalate is 
incinerated in a platinum crucible till the filter is completely^ burnt; the 
residue is moistened with a few drops of ammonium carbonate soIutiony» 
the excess of which is expelled by heating on the water-bath, any calcium 
oxide being, thus eotn-erted into the carbonate again. As soon »s the 
mass in the crucible has become dry, it is carefully heated for about five 
minutes by a very small f.ame, cooled and weighed. The weight found 
multiplied by the factor O'Sf) is that of the calcium oxide in 0-250 grin, 
of lime. • 

Magnesia.— 400 c.c. of Solution A are transferred into a 500 c.c. 
measurijig flask, treated with ammonia until alkaline, and with ammonium 
oxalate solution until all the lime is iirecipitated. In order to make sure that 
this has really taken place, it is aih ishlile to add 6 grins, of ammonium 

oxalate dissoKed in 50 c.c, of hot water. The liquid is i-ooled to room 

« 

temiierature, nuide up to the mark, shaken and filtered; 250 c.c. of the 
filtrate are conceiftrated on the water-bath to a volume of about 50 c.c., 
and hydrochloric acid is added till the reaction is distinctly acid in order 
to dissolve again some magnesia which might ha\-e become insoluble 
during the evaporation. The liquid is rendered alkaline again by ammonia, 
is next filtered, and the insoluble residue washed with a little water. ' 

The solution and the wasli water are united and precijjitaled with 
sodium phosphate, the liquid being stirred witli a glass rod, which is 
softly rubbed against the inside of the beaker. After a quarter of an 
hour about one-fourth of the volume of ammonia is added, and the* 
mixture is allowedMo stand for 12 hours in a cokl place. 

The precipitate is collected on an ash-free filler, and washed ^ith 
3 per cent, ammonia solution until the washings no longer become turbid 
with nitric acid a«d silver nitrate. Sometimes tire precipitate adheres so 
strongly to the glass that it cannot be removed with a glass rod bearing a 
rubber cap. In that case as much of the precipitate as possible is collected 
on the filter, and J;he rest dissolved in a drop of hydrochloric acid ; this 
solution is rendered alkaline with 3 per cent, ammonia and the,precipitate 
thus obtained is combined with the firnt after standing for 2 hours. The 
filter with the combined precipitate is washed several times with the dilute 
ammonia solution, and dried in an air-bath. ' 

TJie dry precipitate is»trtinsfe»fcd as completely as possible into a 
platinum crucible, while the. filter w;th the precipitate which could not be 
removed is incinerated on the cover of the crucible and the a.sh added to the 
original quantity in the crucible, the whole being heated first over a small 
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flame and finally over the blow-pipe. The coifiplete whiteness of the 
leated matter may be promoted by moistening it during a pause in the 
incineration with, at most, two or three drops of nitric acid—on no 
account more. 

The re'sidue obtained is magnesium pyrophosphate, tie weight of 
whiol* is calculated to magnesia by multiplying with the factor 0-3624, 
which gives the amount of magnesia in 1 grmf of the lime. 

Sulphuric Acid,— 200 c.c. of Solution A are precipitated while boiling 
with a hot solution of barium cliloride, placed on a hot-air-bath for a 
couple of hours, and filtered through an ash-free filter. The precipitate 
is washed with water until the washings no longer become tuijrid with 
silver nitrate, after which it is dVied and incinerated. The residue is re¬ 
moved from the paper as completely as possible to the platinum crucible 
while the paper is Imriit on the co\er. Moth portions are combined and 
strongly heated, after which the trucible is cooled and .weighed. The 
weight found, multiplied by the factor ()-3432 is that of the amount of 
sullihuric acid (SOa) in 1 grin, of the lime. 

Carbonic Acid. —A portion of the sanijile is ground in a mortar to a 
finefc powder and 3 grins, weighed into a Geissler apparatus. This 
apparatus is first weighed empty, after which about 3 gnus, of the lime 
are placed*in the flask, the apparatus being weighed again to ascertain 
exactly the weight of the material employed. 10 c.c. of water are added 
to the lime, the closed funnel is filled with strong hydrochloric acid ; and 
the bulb through which the carbonic acid gas escapes is filled with just so 
much concentrated sulplniric acid as to prei cnt bark-.?uctu)n. The whole 
apjraratus is wiped dry on the outside, jiut aside for hall-aii-hour, and 
then weighed. 

Next the hydrochkiric acid is allowed to flow from the funnel into 
the flask gradually by carefully opening the cock, and as .‘■i on as all the 
lime is dissolved,'the flask is carefully heated ovei a very small flame till 
the liquid commences boiling. A narrow rubber tube is connected wdth 
the openigg, through which the carbonic acid has eseaiied ; the cock of the 
hydrochloric acid funnel is opened; and a slow current of air is sucked 
through the apparatus till the gas no longer tastes of carbonic acid. 

Tlfe apparatus is left to cool, and is weighed again, preferably by 
leaving the’original weights on the right-l^md pan while the diflfej-ence is 
made up by placinj^ small weights on the same pan as the apparatus. 

The decrease in weight represents the carbonic acid (CO 2 ) in the 
amount of liiiie»examined. 
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Alkalis.— Into a large flask containing 1500 c.c. of water 150 grms. 
of the coarsely powdered lime are added in small quantities, and the 
mixture shaken continuously till all the lime is slaked. As soon as this 
point is attained, the luiuid is filtered through a dry paper and 1000 c.c 
of the filtratevare measured. • 

A current of carbonic acid is conducted through the hot solation 
which is heated, the precipitate filtered off, and the solution evaporatec 
almost to complete dryness. The last traces of calcium oxide are 
precipitated by a few drops of ammonia and ammonium oxalate as 
insoluble calcium oxalate ; the liriuid is filtered from the precipitate into 
a platinmn dish, and the filtet washed. P'iltrate and wash waters after 
being rendered acid with hydrochloric acid are cvajiorated to dryness, and 
gently heated over a small flame to drive off the ammonium chloride, 
The residue i,s weighed as potassium and sodium chloride, and after 
multiplication by the factor 0'6319 yields the amount of alkali, calculated 
as potash (KiO) in 100 grms. of lime. 

Water.— As the water is chi,'mically combined with the calcium oxide, 
it cannot be driven off at 110" C, and a much higher temperature must 
be erajiloyed. 3 grms. of the coarse powder are heated in a purcekiin 
or platinum crucible, covered with a lid for a quarter of an hour over a 
gas or spirit lamp, cooled in a desiccator and weighed. The lo-sU sustained 
on heating is the weight of water in 3 grms. of lime. , 

The crucible is preferably of platinum and is narrow in shape. It 
must remain covered with the lid while heating, for if this is not done 
the lime may absorb carboni&acid from the prodiifts of combn.stion, the 
water content thus being found too low, and sometimes actually ftn 
increase in weight is ob.served. 

•> <f 

The results of tha analysis may be stated in the following form; 


Calcium oxide ... 

05-32 

Magnesium oxide . 

0-07 

Carbonit, acid ... 

0-91 

Insoluble in hydrochloric acid ... 

046 

Silica ... ... ... * ... 

0-05 

Iron oxide and alumina 

0-18 

Sulphuric acid. 

... none 

Alkalis ... .« • ..« 

0-02 

Water . 

... . 2-89 

Undetermined ... 

0-10 


lotJ-o’o 
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Rapid Method lor the Eatimation o! the Magnesia in Clariiication 
Lime. —The determination of magnesia being rather a lengthy one, a rapid 
method for detecting approximately whether the lime contains too much 
magnesia or not is often employed, especially as it is not always necessary 
to kifcw the exact magnesia content. It is only needed to ascertain 
wh^ljer.the lime is above or below 2 per cent. 1 grm. of the finely 
powdered lime is mixed with 10 c.c. of watej and heated; hydrochloric 
a(fiS is added drop by drop until almost all the lime is dissolved and the 
liquid is alkaline. It is then boiled, filtered, and ammonia added to the 
filtrate. If now a white gelatinous precipitate is fortned, the lime 
contains over 2 per cent, of magnesia and shquld not be used ; if a flocculent 
cloudy precipitate is formed, ths content is between 1 and 2 per cent.; 
while an amount of less than 1 per cent, escape^ detection by this rough 
method of estimation. 




II. MILK-OF-LIME. 
Preparation. 


The limp used for clarification is in almost every case added in a 
mixture with water known as milk-of-lime or lime-cream. ,, 

This is prepared by pfticing lumps of lime in a shallow iron tank and 
throwing water on them till they are ju.st submerged. The lime combiries 
with the water, the pieces swell up considerably and crumble to powder 
with the development of much heat. More water is gradually added till 
the lime,is quite .soaked, and forms a thick paste. It is not advisable to 
throw the pieces of lime into a tank full oY water as they are thereby cooled 
too much, and are slaked only very slowly. 

After the,action is over, the still hot pasty mass is diluted with water 
and passed thrcMgh a strainer in whicl>any large pieces of unslaked lime, 
stones, sand or other coarse impurities are removed; subsequently it is 
passed tlirough finer metal sieyes which keep back smaller grit; and, 
finally, it is run into large tanks where it is diluted to the required density. 

In some places the pieces of lime are thrown into a rotating dfuin 
where they are slaked and whence the pieces of unburnt or over-burnt 
lime and the stones are discarded automatically. ' 

At all events it is well to mix the lime with the water some time 
previous to using it, so that the hard particles may soften and be • 
slaked. As w'e hr^vc already seen, this is especially necessary in the 
single carbonatation process, in which large quantities of lime are added 
to the juice, and if the milk contains unslaked grit, this re'mafps 
unsaturated in the juice and_ may re-dissolve afterwards in the filter-presses, 
imparting an alkaline jeaction to the clarifiejl juice. 

The carbonatation process requires a very large pla»t for the slaking, 
mixing and straining of the lime-cream, but in factories using defecation 
methods, three slakfhg and mixing tanks are sufficient. , 

It is advisable to use pure water, for slaking lime. In factories 
working with the defecation process, the amourd: of w'ater contained in 
the milk-of-lime is insignificant and does not impose any great additional 
strain on the evaporating plant^ On^ the other hand, factories using the 
carbonafation process add such a large quantity of ,water to the juice 
in the lo m of lime-cream that it* is worth the trouble of devising 
measures to reduce it. Trials, utilizing th« sweet-^waters/rpm the filter- 
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presses for slaking and diluting the lime, liave ^ften been n?ade, but 
the result has not been satisfactory. If the milk-of-lime made from lime 
knd sweet-water is allowed to stand fur a couple of hours, the supernatant 
liquid contains a dirty brown scum consisting of products of decompo¬ 
sition sf the reducing sugars by the action of the strong lime. These 
scumj^re vi.scous and render the juice thick, and so retard the saturation. 



Fiu. 

Milk-of-Lime Plant. 


This*waste of time by unsatisfacj^ory saturation is, of course, as unfavour¬ 
able to the work as is, the long retention of the diluted juice in the 
evaporators. 

The slaked lime, mixed with pure water to the consistency of a 
thick cream, is poufcd through .strainers into two hanks which are filled 
and emptied alternately. When on*e of these tanks is filled and diluted 
to the desirql density, of 15‘'^r 20“’Be., this tank is drawn from until 
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empty. ""A fresh supp'y is meanwhile prepared in the second tank, so as 
to be in readiness when the first is empty ; this ensures only fresh and 
well-slaked lime being added to the clarifiers. ' 

The contents of the tanks must be kept in steady motion to prevent 
the lime subsiding. In factories where only a little lime is u.sed this may 
be done by stirring the milk with a paddle, but in factories using a great 
amount the lime-crcam is constantly pumped through a pipe which 
passes near the quarter where it is mixed with the juice and returns 
to the supply tank. The milk-of-lime is thus forced from this tank 
through the pipes and back again. When lime has to be drawn off and 
added to the juice, a cock in the pipe is opened, otherwise it continues on 
its way back to the supply tank and is thereby kejit in constant motion, 
no opportunity being thus given for any subsidence. 

Determination of the Lime Content in Milk-of»Lime. 

'J'he lime content of lime cream corresponding to the readings of 
the Tieaume hydrometer is as follows : 

Density of Mu.k-of-Lime. 


[ H'Urees 
Beau me 

\Vei>iht of ' 
1 1 Gallon, 

1 ih. 1 

I'ountlt, of 
CaO 

per Gallon 

' I’fi cc-nl 
of CaO. i 

Dcurofs 

Bcuunie. 

Weight of 

1 Gallon. , 
lbs. 

Bouiid.s f 
OiO 

per Gallon, 

__ __ 1 

I’er cent, 
of CaO. 

. 1 

! i 

j 10-07 

0-075 

; 0-75 ■ 

16 

11-25 

1-590 

: 14-13 

) 

: 10-14 

- 0-166 

1-64 1 

17 

11 33 

1-700 

15-00 

3 

. 10-21 

0-259 

2-54 ; 

1 1. 

18 

11-43 

1 810 

t 15-85 

4 

10-29 

0-360 

3-50 : 

19 

11-52 

1-930 

16-75 

5 

i 10-36 

0-459 

4-43 [ 

20 

11-61 

2-060 

17-72 

6 

10-43 

0-559 

5-36 !; 

21 

11-70 

2-180 

18-61 

7 

; 10-51 

0-650 

6 18 ! 

22 

11-80 

2-290 

19-40 

8 

‘ 10-59 

0-745 

7-08 

23 

11-90 

2-420 

20-34 

9 

10-66 

0-839 

7-87 ! 

24 

11-99 

2-550 

'21-25 

10 

10-75 

0-940 

8-74 } 

,25 

12-10 

2-680 

22-15 

11 

10-83 

1-039 

9-60 1 

26 

12-20 

2-810 

28-03 

12 

10-91 

1-150 

10-54 i 

27 

12-30 

2-950 

23-96 

13 

10-99 j 

T260 

11-45 

28 

12-41 

3-090 

24-90 

14 

' 11-07 j 

1-370 

e ‘ ! 

12-35 i 

29 

12-52 

3-240 

25-87 

15 

11-16 

1-480 

13-26*!: 

30 

12-62 

3-390 

26-84 
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In order to determine the density of the thic^ liquid as exactly as 
possible, the lime-cream is poured into a wide, glass cylinder, the 
hydrometer placed carefully in the liquid and induced to sink by gentle 
taps with the forefinger. As soon as the instrument is stationary the 
degrees»are read off and the percentage or the weight of the milk-of-lime 
is ascertained from the table above. The temperature should not deviate 
much from 30” C, on which the figures are basejl. 

If one wants to determine tl;e density \Yith greater accuracy, the 
milk-of-lime being examined is diluted with its own vohyrre of water 
and the density determined with a Lirix hydrometer. The table given 
underneath shows the number of degrees Ite. and tlie lbs. of calcium oxide 
(CaO) per gallon of the undiluted lime-cream, which correspond with 
the degrees Hrix read in the mixture of the milk w'ith an cipial volume of 
water: , 


Dejirifs Brix 
of thf 

.Liine-Cioam. 

PoiukK of 
faf) 

jit-r Gallon of 
flif* Oi 

Limc-Crfain 

Dpkirofs 1 
Boatnne | 

1 

Jk't'rt-t'S Bnx 

of tllP ‘ 

Lime Croain 

Pounds of 
CaO 

per CLiiion of ' 
the Oii;;inal 

j 

I)o*{rof-s 

Hf/iniiii;. 

y-o 

0 931 

9-5 

14-5 

1-535 

15-5 

9-5 * 

n 980 

10-4 

15-0 

1-590 

16 0 

in-o i 

1029 

10-9 

15-5 

1 -645 

16-5 

10-5 

1-084 

114 

16-0 

1-700 

170 

11-0 

1-139 

11-9 

16-5 ; 

1-755 

17-5 ' 

11-5 i 

T195»1 

12-4 

17-0 

'-810 

18-a 

•■i>o 

1-250 

12-9 

17-5 

1-870 

18-5 

12-5 

1-300 

13-4 

18-0 

1-930 

19-0 

13-0 

*13-5 

1-360 ' 

1-420 

13-9 

1*4-4 

18-5 * i 
190 

1 '995 

2-060 

19- 5* 

20- 0 

14-0 

1-480 

15-0 

19-5 

2-120 

20-5 




20-0 

^-180 

21-0 

---«— 

• 






These figures have’, however, not only relation to the amount of 
really activ^e lime in the milk-of-lime, as, of course, all the unslaked— 
and,for other reasons inactive'—portions ijf,the lime are represented in 
the figure for the tUal calcium oxide content derived from the readings 
of the hydrometer. 
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Th^ real content <)f active lime may be found by dissolving the lime 
from the lime-cream by means of phenol, which readily copbines with 
calcium oxide to form a clear solution which can be filtered off, leaving* 
the other constituents, which are of no value, on the .paper. In the clear 
solution the amount of calcium oxide is found by titration withmormal 
acid and phenolphthalein as indicator. Details are as follows: , ,, 

The milk-of-lime is well mixed and 10 grms. are weighed in a 
weighing dish and transferred with 5 jier cent, phenol solution into a . 
250 c.c. measuring flask. 'The calciuifi oxide di.ssolves at once, and after 
making up to ihe mark with the phenol solution, the liquid is shaken,filtered 
through a dry yiapcr, and 100 c.c. of the filtrate titrated with normal 
hydrochloric acid, using phenolphthalein a.-i indicator. The number of 
c.c. necessary for neutralization is multiidied by 0-7 to give the grms. of 
CaO in 100 grms. of the lime-cream. 


. III. LIMESTONE. 

Requirements. 

Factories in which the juices are clarified by the carbonatation 
process produce the necessary lime locally in a kiln, not only from an 
economical standpoint, but also because the carbonic acid which is formed 
on burning the limestone is required for the saturation. The process of lime- 
burciing supplies therefore both reagents, the lirneytand the carbonic acid. 

In selecting the limestone yet other factors than that of the chemical 
composition have to be considered, now that such large quantities are 
required; for e.xampl^. the distance of the /yuarry from the factory, the 
means of transport, the hardness of the stone, etc. The harder the stone, 
the more trouble is experienced in breaking it into suitable pieces and burn¬ 
ing it m a kiln. It rtill therefore be generally more economical to buy a soft 
limestone found in the vicinity than a hard one which has to be'conveyed 

C 

from a distance, even if the analysis of the latter is more favourable. 

Limestone exists in the forms of marble, calcspar, amorphous sedi¬ 
mented stone and fossil or new coral. The marble and calcspar are 
very pAre, but the former sometimes contains a^vein of dolomite 
(magnes. m carbonate) while the Ihtter has the defect of being very 
hard and very difficult to burn. The fossil coral is j goft stone, in 
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many cases pure, but sometimes interspersed witli^ferrous stratm, which 
render it Unsuitable for the production of pure lime. . 

’ Fresh coral from the seashore should be exposed to rain before use, in 
order to wash out the salt. 


In*the best limestone the amount of moisture is so trifling that it 
may Ije. neglected, but sometimes limestone is so porous and soft that it 
may contain very appreciable quantities of ^noisture. Owing to its 
firmne.ss, the hard limestone may be kept in the open air, but it is 
advisable to store the more porous*material under cover. 


Apart from the water content, the ma.vimum impurities allowable in 
a good limestone are : 

Insoluble in hydrochloric ahid ... ... 1 percent. 

Silica 

Iron oxide and alumina . 


Magnesia... 
Snlphunc acid (SOa) 
Alkalis . 


1 

I 

1 

1 

()■« 


The content of dry calcium carbonate in the dry limestone should 
not be under 95 per cent. 


Methods of Analysis of Limestone. 

Sampling.--The sampling should be done exactly as Juiv 'Ireen 
described under Lime witii this difference, that the last subsample should 
lie ground to a very fine sample in a mortar. ,'\s limestone attracts 
neither moisture uor carjionic acid from the almospkere, the sampling 

need not be done so huMedly as with clarification lime. 

• * 

The determination of the matter insoluble in hydrochloric acid, iron 
oxide and alumina, cale^im oxide, magnesia, silica and,sulphuric acid* is 
made exactly in tlie same wawas already descrilierh for lime. 'I'he only 
difference is that fri this case 10 grni.s. of the limestone are weighed, trans¬ 
ferred into a lieaker, 50 c.c. of water added, and tlieii a short ..minnied 
funnel placed irvthe beaker so that the end of the stem does not dip into 
the ITquid. Hydrochloric acid is go*ured into the funnel in small quantities, 
till the effervescence ha.s,stopped, after which the funnel is washed and 
removel, and the analysis proceeds as indicated. Tlie weights found for 
the various’constituents ha\’e, of course, now to be calculated on 10 grins, 
of t!ie material, instead of on 5 grins, as in tTic former case. * 

Carbonic Acid.—The carbonic 'acid is determined in the Geissler 
apparatus, in,wtiich frqni 1 to*2 gmist of finely’powdered limestone are 
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weighecf. Only 10 c^. of approximately 20 per cent, hydrochloric acid 
need be used'in the closed funnel. 

Alkalis.—The direct estimation of alkalis in the limestone is very 
difficult, and therefore the stone has to be burnt firsk 100 grnis. of lime¬ 
stone :ire ^burnt and the alkalis determined in the quicklime obtained, 
using the method indicated on page 118. « , 

Moisture.- 5 grms.tof the finely powdered stone are dried for two 
hours at 120" C, and weighed when cool. The loss of weight in grnis.< 

multiplied by 20 represents the percentage of moisture in the stone. 

« 

The results of the analysis may be collected as follows; 


Calcium carbonate ... 

4 


96-77 

Calcium oxide ... 


54-50 

Carbonic .acid 


42-27 

Mqgnesium o.xidc ... 


0-56 

Insiiluble in hydrochloric ai'id 


0-82 

.Silica..1 


0-38 

Iron oxide and alumina 


0-79 

.Sulpliuric acid 


none 

Moisture 


0-42 

I'ndetermirted (alkalis, etc.) 


0-26 

H 

$ 

100-00 


Rapid Method for the Estimation of the 
Magnesia in a Limestone. 

• I 

« For the same reason as given in the section *jn Lime, it is well to be 
able to make a rapid test for the magnesia content of the lime.s'totie, to 
eijable us to ascertain without any lengthy analysis whether the limestone 
to be used contams ryore magnesia than the perfnissible limit or not. To 
this end 2 grins, of the finely powdered limestone are ,boiled with 1/' c.c, 
of water and so much dilute hydrochloric acid that the liijuid is neutral and 
stilt contains a vauy small quantity of the undissolved stone remaining 
unaffected by the acid ; a few c.c. of lime-water are next addAi to,throw* 
down any iron oxide and alumina whicfi may be present, when the-liquid 
is filtered and ammonia added to the filtrate! In case of nyore than 
1 per cent, of magnesia being present in the limestone, .a gelatinou.*# 
precipitate of magnesium Iw/droxidl is formed, while a smaller quimtity 
only gi'-es a slight flocculation, or po separation at a*ll. 







IV. COKE. 
Requirements. 


Coke is used foi; burnint; with tlie limestone in the kiln. To that end 
it should not only be hard, but also of a uniform hardness, so that it is not 
crushed^to powder by the heavy load on top of it in the lime-kiln. The 
coke should not contain more than 6 per cent, of moisture, for if stored in 
a mtfist condition it loses part of its fuel value; and when burnt with too 
high a water content, it may form carbon monoxide, a highly poisonous gas. 
It is therefore well, not only to see that coke with no n.ore than the 
permissible water content is purchased, but also that it is stored under 
cover. A further requirement is. that the coke shall contain only a 
minimum of tarry matter, becauso the latter would distil off during the 
heating in the kiln and contaminate the gas; it has even happened that 
so much tar had di.stilled over that the valves .of the air-pump had 
become clogged. • , 


The coke used in sugar factories is cither foundry coke or gas 
coke. The former is purer, containing lof*^ ash and less tarry substance, 
so that, in order to obtain the same effect, 2') per cont. more gas coke is 
required than foundry'coke; hut, in tropical countries vchere gas works 
exist, the difference is more than counterbalanced by the much lower 
price of the gas product. The .sulphur content .should also bep^;:.^^ and 
harmful sulphur compounds should not exceed 1'5 per cent. 


The following analysis of a gas coke gives a good insight mttr tl* 


composition of such a product, while that of a foundry»coke is added for 


con^ayson : 


Ash ... 

Moisture ... % . 

Loss on heating in a current of nitrogen 
Total sulpluir... 

Harmful sulphur . 


Foundiy coke. 

(tascoke 

8-20 

10-80 

• 0-68 . 

2-20 

1-^4 

3-72 

0-45 

1-84 

0-23 

1-29 




Methods ot Analysis. 

I Sampling.— Lumps of coke are taken at random from the heap and 
broljen to pieces of the size of an eg|j. 1 Ije^sample thus obtained is well 
mixed and piled in » heap ; a segment is taken from it which is mixed 
again and piled in a smaller heap, till a subsample of about 2 lbs. is 
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obtained. This is beaten to small pieces which are again mixed, while 
finally a portion of the last subsample is ground to a \ ery fine powder and 
kept in a stoppered bottle. * '. 

Moisture.— 5 grms. of the fine powder are dried to constant weight 
at 100”-10^" C in an aii-bath, which generally requires 2 or 3 hours to 
complete. The lo.ss of weight multiplied by 20 represents the meg^ure in 
grins, on 100 grms. of cc^V’e. 

t 

Ash. —3 grms. of the^ very finely powdered coke are spread in a thin* 
layer on a platinum dish and heated first on a .small flame and afterwards 
at gradually ini reasing temperatures, until at last the heating is comjdeted 
at a very high temperature. Tlie carbon is consumed and the ash remains ' 
behind, but to make sure that really all the carbon has been burnt, the ash 
which has been cooled and weighed is treated with a little .strong alcohol. 
If carbon is^still present, tliis floats and then the alcohol is evaporated and 
combustion jtarsued till all the carbon has vanished. The weight of the 
ash IS divided by 3 and multiplied by 100 in order to find the grms. of ash 
on 100 grins, of coke. ^ 

This determinaton must be made in a niuffie oven. The dish with 
the 3 grms. of coke is placed in the cold muffle, after which the lam]) is 
lighted and the temperature gradually raised. 

‘su.,hur. —Sulphur occurs in the coke in two forms, x'iz., as sulpbiyies 
(gypsum) or as sulphides (chiefly as jiyrites). It is i>rincipally the sulphur 
liccu'rring as siilpliides which has a harmful action in the kiln, since it 
forms sulphurous tcid on combustion which attacks the pipes and the pump. 
This sulphur is called the “ harmful sulphur" m distinction to the,sujphur 
in the form of sulphate which is harmless. 

Total SuljAvur. —O'S to 1 grm. of the /finely pow'derecl coke is 
thoroughly mixed in a platinum crucif)le with 1 grm. of rnagnesium^nxide 
and 0'5 grni. of anhydrous sodium carbonate; the crucible is placed at 
an angle and he%'ed during several hours till all the carbon is burnt. 
The mixture is stirred now and then .with a platinum wire, v ^ ^ 

« 

After being cooled dowm, the contents of tlie crucible are transferred 
with a jet of water into a beaker, and bromine solution is addad till the 
yellow colour remains, after which the mixture is boiled witlf an excess ol 
hydrochloric acid. The lTarmful*,sulphur which had been oxidiz'ed to 
sulphit.- during the combustion is oxidized to sulphate by the bromine 
and dis.solved by the liydrochloric acid.# The liquid is boiled till the 

f • • 
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odour of bromine is driven off, filtered, the residue*washed,out with water, 
and tile sulpliuric acid precipitated with barium chloride, just as has been 

» 

described on page 117. 

By multiplying the amount of barium sulphate weighed by the 
factor n'137, the total splphur in 1 grm. of coke is found. • * 

!t*is understood that both the magnesia and tlie sodium carbonate 
used must not contain any sulphate, and if that^s not so, then the sulphuric 
acid is determined in the amounj: of the rejgents used, an allowance 
being made in the calculation. 

Harmless Sulphur. —This is determined by heating the ash of 5 or 
10 grms. of coke with hydrochloric acid and a few c.c. of *l)romine 

solution ; this latter addition serves to rc-oxidize that part of the sulphate 

which, on combustion, might have been reduced to calcium sulphide. 
The licjuid is filtered, boiled till no odour of bromine can 3ny longer be 
detected, after which the sulphuric acid is deternfined #n the usual way. 

Harmful Sulphur.*- -This is found by subtracting the percentage of 
the harmless sulphur fioni tliat of the toi-il sulphur m the coke. 

Loss of Weight on Heating in a Current oP Nitrogen.— 5 grms. 
of coke are heated is a Rose crijcible for 2 hours at llC’-liO” C to drive 
off the moisture. The cnicibie is weighed after cooling, after which it 

is heated for 15 to 30 minutes over a large flame, while a sjfii 'cS'rent 

of dry nitrogen gas is conducted through the crucible. After cooling, the 
•trucihle is weighed again, the loss of weight representing the* tarsy 
subst.incc in 5 grms. of c^ke. • 

• ■ • * 

I'he nitrogen gas is prepared by heating a solution of 2 parts of 

potcissiuni nitrite and 1 part of ainmoniuin chloride in a large flask. 
The flask is connected with a gasholder by a w,’de tube.^ • 

When determining the lti.ss on heating, the gas is conducted first 
thrTifl^h a wash-llbttle filled with concentrated sulphuric acid, and the 
current is regulateci in such a way that only one gas^bubble passes per 
second. 


jThc Lime-kiln. 

The kilps used in sugar factories are of the “ shaft ” and “ Belgian ” 
types, fed with a mixture of limestone Sni coke. The fact tjjat the 
burned lime is thereby contaminated^with the ash of the coke has long 
ago been recognized as of no importance, since tljjs ash is almost entirely 
insoluble both* ift water and in milk-of-lime and thus cannot impart 
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impurities to t^ie juice. The burnt lime contains about 2 per cent, of 


ash derived from the coke, the greater part of which forms a'fine powder 



on the surface of the lumps of 
lime, and'falls off during the 
handling of the lime ivithout 
causing any trouble’(hiring 
manufacture. Generator Jcilns 
(in which the lime is heated 
by the flame from inferior fuel 
burnt in special furnaces, so 
that no ash or tar can con¬ 
taminate the lime) are not 
used in cane sugar factories; 
so coke, whicli does not con¬ 
tain much tarry substance, 
and wliich is hard enough to 
stand the jircssure of the lime¬ 
stone without becoming pul¬ 
verized owing to too great a 
brittleness, must be used. 

The shaft kifa is a trun¬ 
cated cone of masonrv, lin»d 
on the inside with refractory 
brick. 'J'he top terminates in 
an'ipin funnel closed by a 
cone, which may be rs-isfd or 
lowered by moving a lever. 
\Vl)pn charging the kiln the 
cone is lowered, and the 
charge falts through the space 
between the cone and the fun¬ 
nel into the intefior of the 
kiln, the bottom of the latter 


Fig. 22. 
Lime-kiln. 


beihg provided with three 
large openings closed by iron 


doors, (through which the hu-mt lipie may be withdrawm from tirne to 


lime. The openings for air are also at the bottom, while the temperature 
of the different parts of the kiln may be inspected through sight-holes at 
various heights, and closed with ptugs. ^'inally La ffue,ibii,ilt of masonry, 




Coke 


131 


at a height of about three-quarters'of the kiln, is connected with the gas- 
suction pipe, conveying the gas to the carbonic acid pump and washer. 

The Belgian kiln (Fig. 22) is made of firebrick cased with iron plates, 
whilst the space between the brick and the outer casing is filled with non- 
conducting material t9 retain the heat. It has the form of two obtuse 
cones, joined together at their bases, similar to the shaft kiln. The 
upTier and longest one is provided with an i^on funnel and cone at the 
top, which opens to allow the inWoduction of* fresh charges. The under¬ 
most inverted cone is open and its lower edge is afSout 2 ft. from the 
ground, the kiln being suspended in an iron ring supported by six iron 
columns. Under the bottom opening a small cone of masonry is built 
upon which the burnt lime falls from the kiln The fallen lime partially 
obstructs the opening between the kiln and the ground and thus prevents 

more lime from dropping. From time to time the cooled'pieces of lime 

• • 

are removed, allowing the contents of the kiln1;o fail a little, and these, 
in turn, are removed as soon as they are sufficiently cooled. 

The kiln should be lighted a few«iays prior to the grinding season, 
since it takes .some time to become sufficiently baited to yield good lime 
anif c.arbomc acid. , In the Belgian kiln a wall of coarse pieces of lime¬ 
stone i.s made round the bottom in order to sujiport the firewood, w’hich 
is thrown in at the top. In the case of a shaft kiln the doo^.'.'j fflerely 
Closed, no wall of lime.stone being required. Some two tons of burning 
I firewood having been thrown into the kiln, a layer of limestone i5»spr«ad 
upon it in order to distribute the flame of the firn evenly throughout. 
Above this is added a'iayer of coke and then alternately layers of ITme- 
st(Jhe, and coke in their usual projiortion. The funnel is left open until 
the w'ood is all consumed and the lowest strata of the kiln alight, alter 
which the funnel is clo.^bd with the iron cone and the carbonic acid pump 
ste'^ed, the lattej draining off the gases and producing a vacuum in the 
kiln. This causes air to flow in from below, which passes tl.rough the 
red-hot stones and coke, and thus maintains the dfliught necessary for 
cornbustifln. * 

The usual charge consists of 1 part by weight of coke to 9 parts of 
limestcyie; and as the weight of the same volume of limestone is thrice 
> that of coke the proportion of the two materials by volume is 1 : 3; so 
that for every 3 baskets of limitstone* > basket of coke il added. 
These materials are commonly hoisted up in baskets containing 100 
to 120 lbs. of limestone and t^jrown (Jpwn into the kiln through the funnel 
at the top. ft Is advisable to alternate regularly the two components in 
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order to obtain a'homogeneous mixture in the kiln and not local heaps of 
either limestone or coke. 

This proportion of 3 parts of stone to 1 part of coke is not intended 
to be a fixed one, but may be varied according to circumstances; for 
example, the* size of the pieces of stone and coke, the hardne’ss or 
softness of the stone and the quality of the coke. As will be showif on 
page 134, the analysis of tli' gases and the temperature of various parts 
of the kiln will give sufficiept indication, as to whether it is necessary to 
add more of one or other of the ingredients. I'he limestone should be 
broken into pieces of the .size of one’s fist and the coke in pieces of 
half that‘dimension. Though many inechamcal breakers have been 
invented it is advisable to break limestone and coke by hand, in order to 
prevent too much waste. If the pieces of limestone are too large they 
burn slowly, viiiile if too small the draught m the kiln is obstructed and 
the lime does no't sl,ake veil afterward's. It is evident that in case of 
a soft stone pieces of larger dimensions may be taken than when a hard 
crystalline stone has to be burnt.^ < 

When the kiln burns well its contents shrink considerably at the 
commencement, because of the rapid combustion of bulky fircw»od. 
Charging is continued, ahvavs keeping th4 lev el of th'e contents at about 
one fqgH^ow the flue for the carbonic acid, and as soon as the’xontents 
cease to sink rapidly the layer of unburnt .stones is withdrawn at th(i 
bottom^ When no more unburnt limestone falls out, but well burnt lime 
appears at the doors or at the bottom of the kiln, the regular working of 
the kiln commences, all that is then necessary befnj to continue charging 
the kiln with limestone and coke, and to remove the burnt lime, aU* Jiie 
time keeping the pump working steadily to maintain draught and com¬ 
bustion. The lime should'be removed from bel^w every three or four 
hours, and the kiln kep? charged with alternate layers of stone and coke, 
always keeping the level of the charge one foot below the suction jiipe.’ 

The carbonic ^id is formed both from the combustion of the coke 
and the decomposition of the limestonp, which under tht influence of 
heat is converted into quicklime and carbonic acid. Calcium carbonate 
when heated to 1000° C becomes entirely convcHed into calcium oxide 
and carbonic acid, provided this latter is allowed to escape; if,^)n the 
contrary^ the carbonic acid not rejnov'ed the decomposition stops at a 
point depending on the pressure of the carbonic acid.» In order to obtain 
a rapid decomposition of the limestone, it is therefore necessary to carry 
off the carbonic acid as i'ast as it is formid, all tjie mo^eas cold lime 
absorbs carbonic acid to form calckiln carbonate agaim 
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Wh( n we consider a lime-kiln in full activity we distinguish in it 
two different movements in mutually opposite directionsr-(l) from above 
to below of fixed materials going very slowly; (2) from below to above 
of gases flowing very fast. 

'J'he weight of the gases is greater than that of the fixed bodies. 
The ^space in the limt-kiln may be divided into three zones, which may 
be called the heating zone, the decomposition zone, and the cooling zone. 

The mixture of limestone and coke is Seated in the first or heating 
zone by the current of gas coming from the’decomiiosilion zone, this gas 
thus being itself cooled, and at the same time e\ajidfatilig the moisture 
from the coke and the stone. 

When the mass sinks deeper it enters the decomposition zone. 
Here the tenipeiaturc of the mixture, which has gradually risen, attains 
its maximum by the combustion of the coke by the oxyt^en from the air 
sucked in ftoni below, 'i’he liinifstoiie is decomposed slid loses weight, 
till, when leaving tliis zone, it is eompletely brtilcen tip into its two 
constituents—lime and carboijic acid. 'I'he lime sinks into the cooling 
zone, where the hot jiieces gi\e off tliPir heat to the ascending current of 
gti^, while the coke is fully constimcd bv the oxifgen of the air. During 
its pas.sage throujfh the hot pieces of lime this air will absorb the heat 
and enl,('r well warmed into the decomposition zone, which will be the 
more completely achieved the slower and the larger the ctn.r'..,u of air. 

The oxygen combines with the carbon of the coke to form carbonic 
acid, which mixes with the carbonic acid formed by the decomposition of 
the limestone, whiletthe nitrogen of the air remains inactive and passes 
i:*tL the gas mixture unchanged. The water \apoiir in the air acts upon 
the red-hot coke with the formation of hydrogen and carbon monoxide, 
which two gases art, further burnt to fofm watci* and carbonic acid, 
jrrovided they are not carried off unburnt by too strung a draught, and 
thus pass into tlie saturation gas. 

By admitting an excess of air so that tin: sKttiration gas contains 
aljout per cent, of oxygen, the carbon monoxide is generally oxidized, 
so that the saturation gas does not usually contain any amount of that 
gas, |nd should, on no account, possess a higher content than 0 50 per 
cent. That portion of the water vapour wliich does not attack the carbon 
acts favourably on the decomposition outlie limestone, as the ttmperatnre 
at which calciim! carbonate decqjnposes is lowered by the presence of 
water vapour. 
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Whenr the temperaUire rises considerably above 1300° C, the 
carbonic acid is decomposed into carbon monoxide and oxygen, both of 
which are then found in the saturation gas. 

The hot gases passing upwards through the thick layers of coke 
and .stone^ are gradually cooled down to a temperature of about 2@0° C. 
We saw that the cooling zone serves to heat the air and to cool the hvfnt 
lime. The warmer the lim^ comes out of the kiln the more fuel will be 
necessary to heat the gas, as the heat in the lime discharged represents 
mere loss. The cooling zo/.e niu.st therefore have a sufficient capacity 
and possess a f^od diameter, this latter feature causing the current to 
slow down and give ample opportunity for transmitting the heat of the 
lime to th*e air. The height of this zoire must, how'ever, not be unduly 
increased, in order to avoid the risk of tl.e lumps of lime being crushed 
to small pieces, a contingency which would hamper the entry of the air. 
The combustion ui the decomposition zijine would then be interfered with, 
the consequences hcTng deficiently burnt lime and much carbon monoxide 
in the gas. 

The heal necessary for the ddcomposition of the limestone has to be 
supiilied in the decomiSosition zone, so that the temperature prevailjing 
there must be sufficiently high. Although calcium csrbonate is broken 
up into its constituents at a temperature of 1000" to 1050" C,.lhe best 
maxiiiuTTn Uimperature should be from liOO" to 1300" C, at which point, 
a rapid decomposition may be expected without fear of any fusion of 
theflimd. This temperature prevails only in a comparatively small part 
of the kUn, so that the stone passes through it iniabout six hours, which, 
indeed, is quite .sufficient. In order to obtain this the heating zone, r^h^re 
the gases come into contact with the cold stone and coke, must be so 
spactous that the former car^ be well cooled and give off as much heat as 
possible to the said matt rials, thus saving fuel. 

Finally, it is well to leave an empty space in the kiln above the 
suction pipe in order Jo serve as an air-box for the pump, and to promote 
the regularity of the suction. , * < 

Experience shows that the capacity of the coyling zone should be as 
great as the volume of limestone burnt in ^4 hours, so that thi lime 
requires 24 hours to pass through it. The heating zone and the decom¬ 
position Jone are both half t4ie*size*of the cooling zone, so that the 
capacity f the kiln must be equal to^twice the volume of the limestone 
to be burnt in- 24 hours. 



Coke 


135 


It is evident that in regular work the decomposition zo^e should 
occupy the same part of the kiln, i.e., a little more than ,half-way up the 
structure. The sight-holes in the wall permit the observation of the 
interior and of the real position of the decomposition zone. If this 
sinks—red-hot lime falls out on discharging; and, if it rises—flames 
escape from the aperture at the top; which, besides placing^he workmen 
in (fharge of the filling of the funnel in imminent danger, may destroy 
th» iron tubes and the funnel and so render tyie kiln unfit for use. The 
right proportions in the kiln be restored by either e.vhau.sting the 
gases more slowly or more rapidly, and by changinf^the proportions of 
fuel and limestone, the operations being always controlled by the analysis 
of the gas. But, if a kiln once works irregularly it requires days of 
strenuous effort to get it into proper order again. 

The following irregularities may occur: 

(n) Sintering. - This is caused either by impure rawtnaterial or too 
high a temperature or too ]irolonged a slay in tlffe hot»zone by a too tardy 
withdrawal of the already Inirnt lime. 

In the case of limestone containii^R loo much silica, iron oxide, and 
aluyiina, or of coke containing loo n.ut ii ash ihtre is a probability of 
more or less easily-fusible. d<«jble silicates being formed. The ash of 
the cokfi chiefly consists of infusible aluminium silicate, but in the 
simultaneous presence of iron o.vide and alumina double ^icato? with 
lime may be formed, especially if the teinperatiue rises above 1300'’ C. 
Besides, the lime may also combine with constituents of the fiiwbri^ks, 
forming with them a nitrous fusible combination.* This formation of 
JouSle silicates is the cause of the so-called “ scaffolding ” of a*ldln, 
while in such a case the lumps of lime become covered widi an imper¬ 
meable layer, which prevents proper slaking. • 

« * * 

When these phenomen?i are observed we litve either to employ a 
purer limestone* or else try to reduce the temperature of the kiln by 
mixing less fuel with the limestone. If, for one or other of these reasons, 
the lime^uses»into a solid mass so that the dowmwarJ motion is obstructed, 
no*lime falling from the discharge openings (a phenomenon wliich bears 
the name of “scaffolding”), it is necessary to try to break the solid mass 
by poJing in it with long irons through the siglit-holes and from below. 

. (&) Unburnt Lime. —This cai^ arisj t>om too small a proportion of 
fuel in the charge,* that is, insufficient to produce the heat necessary for 
the total decomposition of the limestone; hut it may also be due to the 
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kiln beinj too small for the amount of work required of it. This can be 
remedied accordingly ; either by mixing more fuel with th.e limestone or 
by building a larger kiln; or, if possible, by adopting one of the, 
modifications of the carbonatation methods, in which less lime is 
employed. 

ft 

When r.nburnt lime comes out together witl} e,oke on discharging, 
and e.specially if this is the case at one particular side of the kifn! this 
indicates that some part the kiln has cooled down. Usually thit is 
occasioned by a cold wind blowing agaipst one side, and thus cooling the 

t 

contents localh' to a point below the temperature of decomposition. 
This can, of course, be remedied by erecting a screen or wall to protect 
the kiln from the jirevailmg winds. 

(c) Red-hot Lime. —In this rase the decomposition zone has sunk 
too low and the cooling zone has, accordingly, become too small. ISy 
leaving the liijie longer in the kiln the. decomposition zone rises again, ' 
and can further be assented by accelelating the .speed of the pump and 
thus cooling the lower stiala more efiiciently. 

ill) Over-burnt Lime. -As already s'ated lime can be over-burnt by 
being exiiosed to too liigli a teniperature, which causes the surface to 
fuse and to become impermeable to ivater, or it may become coated »\-itli 
an impcinieable layer of impurities which are more or less fusible when 
combined with lime. k\'e have aheady learnt to consider sSica (both 
free and iff combination with iron oxide,or alumina) as a dangerouf 
constituent in tins resjiect; and when a kiln, which has not been over- 
he?ited! regularly yields over-burnt lime, it is advisable to try whether a 
pur^r limestone wiirnot produce better results. ‘ , 

(c) Excess of Carbon Monoxide.- --When the gas passing from/he, 
kiln contains more than one per cent, of carbon monoxide it is a proof 
thafthe draught n» not sufficient, and the speed^of the pump must be 
accelerated in order to’promote the combustion of the carbon monoxide 
in the higher strata by a more abundant sujiply of oxygen. Sometimes, 
however, even with a sufficient draught the content of carbon monoxide 

f 

becomes too high, and this is the case when the coke or the linjestone is 
too moist, c.g., by being stored after having been in the open air and 
exposed to rainfall, and thrown into the kiln without previous drying. 
The large amount of water vapour in contact with the red-hot co^ gives 
rise to a kind of water-gas consisting of hydrogen and carbon monoxide 
and thus yielding an impure saturation gas, contaminated with the 
poisonous carbon monoxide. In tlAs case a better draught will not 
imjirove matters, and the bnly remedy is to tse dry,material*. 
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if) Excess o! Free Oxygen in the Gas, —The gas from a lime-kiln 
in good condition must contain a small content T)f free oxygen which 
peed not exceed 1 ^ per cent. . If the oxygen content is higher than this 
it may be due to too strong a draught, or to leaks in the kiln or suction 
pipe. As the pump maintains a vacuum in the kiln, air penetrates 
through* the leaks, ant^ not only dilutes the gas but alsij cavses an 
unde.'^rable cooling of the contents, thus retarding combustion. 

*(g) Sulphuretted Hydrogen or Sulphurou^Acid in the Gas. —When 
the coke contains sulphur as iron milphule, lhis,elcment becomes oxidi/.ed 
in the kiln to sulidiurous acid, which at the high teiu}X'.rgture corrodes 
the tubes and the pump, esi ecially wlitn the gas has been saturated with 
water in the washer. On incomplete combustion the gas may soflietimes 
become contaniiiutted with sulplmretted Indtogcn, but if the excess of 
oxygon IS a normal one tliis cannot occur, as the sul])liuretted liydrogen 
is oxidized to sul])hur dioxide. Subduir dioxide and sulpluirckted hydrogen 
can never occur simultaneously as llicy praetieall* dec^imfose each other 
with the formation of sulphur and water. 

The size and the capacity of the kifc must be adapted to the weight 
of cjne worked up in the factoiy to obtain tile best results. The 
total height should i*)t exceed JO ft. otherwise the weight of the column 
of limeslwie and coke becomes too great, ;ind the coke nuiy be crushed. 

regards capacity, we usually assume a yield of 16 lbs. ^f lim? per 
24 hours and per cub. ft. of real capacity of the kiln, though of course 
this quantity may vary considerably according to the hardness < 3 f tbe 
stone. 

* «One cub. ft. of limestone weighs 93 lbs. and requires h cub. ft. of 
coke, yielding 51 lbs. of burnt lime. We allow the lime to remain for 
2 X 24 hours in the kili^ so that these 51 lbs.«Df lime <-e()uire a capaSity 
0 ^ 2 X I 3 = 2 'ii cub. ft., an'd*as the kiln is only fiflcd three-quarters full 
2 s -t- I = 3^ cub* ft. is the total capacity. One cub. ft. tbu.s yields 
14’8 lbs. of lime per 24 hours. When the lime is Jjurnt more quickly, 
e.g; in ij days, the capacity risers considerably, and then every cub. ft. 

* 14*H X * 

yields-r—= 19-6 Ib.s. of lifiie per 24 hours, showing that the kind of 

It • 

stone afid the varying di.stribution of the materials have a marked influence 
on the capacity of the kiln. 

93 lbs. of limSstone yield 51 lbs. of lime and 40 lbs. of carbonic 
acid (assuming a yield of 55 per cent, of lime and 43 per cen^. of carbonic 
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acid). Taking the carbon content of the coke at 80 per cent., and the 

* * 93 X 11 

proportion of, limestone to coke as 100 ; 11, then—— = 10'23 lbs. 

of coke furnish 10-23 X carbonic acid, bringing 

the total yield of carbonic acid to 40 + 30 = 70 lbs. It is evident that 
for th4 saturation of the lime obtained only <0 lbs. of carbonic acid 
are required, but the absorption of the carbonic acid in the saturation- 



Fig. ‘.13. 
Gas-washer. 

Inside and outside view. 


gas is incomplete, amounting in the most unfavSurable instance to about 
60 per cent, of the total, so that in such a' case only — j - — ■ = 42 lbs. 
of carb(|nic acid are available svher* 40 are necessary. This shows "that 
even '^h the most wasteful process the lime-kiln 'produces an ample 
supply of tills gas, so that any shortage^eed not be feared. On the 
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contrary, it,would be possible (in such an emergency, as when the 
capacity of the lime-kiln is too small for the weight of the canes crushed) 
to, purchase some additional lime from other sources, and yet have 
sufficient carbonic acid from the kiln to saturate all the lime during 
carbonatation. 

When lime is uscdi in carbonatation in the highest proportion of 
our table on page 69, VIZ., 45 tons of limestone to 1,000 tons of cane 
per 2+hours, or per cent, of lime on the weiglit of canes, the capacity 

^ w 

of the kiln should be 3,750 cub. ft., according to the calculation given 
above. 


V. CARBONIC ACID. 

'File mi.vture of gases pumped out of the lime-kiln is washed and 
cooled before being sent to the saturation tanks. The current of gases 
is foiced through a gas-washer (b'ig. 23) of some dcstgn ot otfier, where the 
tarry substances which may have been formed and remain unconsumed 
are removed, and where the gas comas outfit a temperature of some 40“ C. 

The composition of a good saturation gas may be represented as 


follows, calculated on t,iie anhydrous gas: 

i*er cent by 
Volume 

Carbonic acid 

2«-5 

Nitrogen ... * ... 

69-5 

O.xygen 

1-5 

Carbon monoxide ... 

0-5 

» 

"Tro-o 


Complete Aivi\lysis of the Saturation Gas. 

* • 

* A* complete a»alysis of the saturation gas is best carried out by the 
Orsat apparatus. A thin metal tube conducts the saturation gas from the 
main supply pipe to the laboratory, where it is slRrt off by a cock, 
'^hefl desiring to analyse the gas,’ the cock is opened and the current 
of gas is allowed to escape till it is certain that the air in the pipe has 
been replaced by the gas of .the same composition as that supplied to 
Ihe carbonat&tion tanks. 

Vhe Orsat apparatus (Fig. 24) Consists*of a burette A of )00 c.c. 
capacity, divided into fifths of a c.c., aild placed in a cylindrical glass vessel 
filled with water to keep it cdol. At* its .lower «nd it is connected by 
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means of a long rubber tube with a small bottle containing water 
acidified with a few drops of hydrochloric acid to inhibit the growth 
of algae. B, C and D are glass bulbs for the absorption of gas^s, 


which are filled with thin, short 
glass tubes to increase the surface. 
EachiOf these bulbs is connected 
at its lower under end to a similar 
vessel without glass tubes. The 
cocks a, h and c serve t?) connect 
A with B, C and D, fvhile the 
three-way cock'^ allows the com¬ 
munication of A with the gas pipe 
and with the atmosphere, or also 
the gas pipe with the atmosphere. 
'J'he U-shaped tube c serves as a 
filter for the* gas and contains a * 
piece of cotton wool to retain diil. 

The vessel B is filled with a 

solution containing 250 grins, ol 

' • 

caustic potash in 1 litre of water, 



and serves for the absorption of 


Img. -h. 


carbonic acid. 


Orsat Apparatiis. 


C isTilled with a solution containing 50 grins, of pyrogallol in 1 litre 
^of potash solution of I'lb specific gravity containing 18 per cent, of potaB- « 
slum hydroxide (KOH). It serves for the absorption of oxygen. 

• D is filled with a solution of cuprous chforide and in each of*»!;'.-e 
thin glass tubes a spiral of copper wire is placed in order to have always 
^Jre entire solution in contact with metallic copper. The solution is made 
by dissolving 2(to gr^ns. of cuprous chloride aifd 250 grms. of ammonium 
chloride in 750 c.c. of water, and adding previous to use one-tlfircf by 
volume of ammonia of O'Ol specific gravity. If the liquid is not 
completely clear %ome more ammonia is added. 'I'hjs solution serves 

for the absorption of the carbon morfbxide. * • • 

• 

When analysing the gas the cocks a, h .and c are shut, and A is 
brought in communication with the atmosphere. By liftirlj; up the 
flask E the burette A is filled to the mark with the acidifiei^ water. The 
cock J is shut, and by o[ftn*mg rSspectively the gocks a, b and c and 
by ra.-ing and lowering alternattly E, the vessels B, C and D are 
filled to tl*e marks witl* their respective Ikjuids. ... . 
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The tube e is connected with the tube supplying the gas *to be 
analysed, and 'he cock d is adjusted so that the gas at first’escapes into 
the atmosphere till it is certain that all the air has been displaced. By 
moving the cock d solhat c is in communication with A, and by lowering 
E the bufette is filled w'lth the gas to be analysed; and in order ^to be 
sure and ’have a fine sample it is well to empty the burette again by 
turning cock d to the atmosphere and lifting E a couple of times, after 
which the burette is filled with the sample Jus4 to the 100 c.c. mark.' 

Cock d is now shut and n is opened, and the gas is transferred into 
B, where it comes in contact with the pnta.sh solution, the carbonic acid 

• 

being absorbed, .^fter sending the gas into llie burette agaip and 
repeating the transfer a couple of fimes, all the carbonic acid is certain 
to be absorbed. The fla.sk E is brought near the burette, .so that the two 
levels of the liquid in the burette and in the flask are op the same 
horizontal line, and then the nuinbei’ of c.c. whictp the rc^t of the gas 
now occupies is read. 

The difference is eipial to theVolume^of the carbonic acid absorbed. 
Cock a is shut and h opened, ami the same operation is repeated to see 
how much the volume, decreases owing to the absorption of oxygen by 
the alkaline^pyrugallol solution, which decrease in volume is equal to th.e 
percentage of oxygen. FinalK the same operation is repeated wjth 
vessel n, in which the carbon* monoxide is absorbed, the percentage 
b8ing read on the burette after the residue consi.stmg of nitrogen^ has 
been returned. , ^ 

“•TiTie .succession of absorptions must also be so arranged that first 
the carbonic acid is absorbed, then the oxygen, and finally the carbon 
monoxide, as -the pyrogallol solution also absc^rbs carbonic acid and lit 
can only give the real, tfte oxygen absorption, it *111 the carbonic acid 
has first been renibved by the potash in the first ve.s.scl. For a good 
absorption it is necessary to introduce the gas into its respective bulk at 

least twice for the carbonic acid, and three times fo^each of the other 

<* , * 

two. , 

Reliable results can'also only be obtained if the acidified water and 
i)ie soluTion.s are saturated with the gases which are not absorbed by 
thenp Therefore a rapid current of th^ saturation gas is conducted 

' The burette is filled a little over the IQj) mark first, after which the level of fla-k 
f is made just that of the zero mark, and d is carefully opened till the ga^is just up to 
the mark. Then^jne is sure to havAOO c.c. bf at ihe^ressure of the atmesohere. 
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througfi the water ‘before filling it into the burette, while the other 
solutions are* only saturated after they have served a few‘timesfor the 
analysis. The first results obtained with a newly-filled Orsat apparatus 
are therefore not wholly trustworthy. 

« 

The following example shows how the results are recorded : 

• 1 

Reading after absorption by potash 30’8 = 30'(S per cent, carbonic acid 
Reading after absorptio^i by pyrogallol, 

^ 32'3 —30'8 “ ]'5 per cent, oxygen 

Reading af^^r ^ibsorption by cuprous 

chloride, 32'5 —32'3 0'2 carbon monoxide 

Residual nitrogen ... ... ... , ... 67’5 per rent, nitrogen 

lOO-OO 


Althougdi^ the saturation gas is,analysed here in a state of complete 
saturation with \1atcr*the results obtained are the same as if they were 
contained with the quite anhydrous gas, provided the temperature does 
not change during analysis. • 

It may be asslitned that the tension of the water vapour»at the 
.same temperature is identical in the variouS gases coming into 
consideration here, and therefore if they are saturated with«water at a 
teifiperatu^e of 30" ('. they will contain ^about 4 per cent, by volume of 
w'ater vapour. The volume of gas measured is, therefore, 4 per cei^. 
•too ferge, and this is also the case with the remaining gas read every 
time after the al»sorptions. All the results ?irg. therefore, 4 per cent, 
too high, and for this reason the percentage constitution of the gaj 
its water content is the same as that of the anhydrous gas. 


Estimation of the Carbonic Acid Content. 

It is not always neces.sary to analyse the gas completely^ since this 
is only necessary if there is somethiiifi the matter with the kiln, Init in ■■ 
ordinary work the determination of the carbonic acid content is quite 

.sufficient, and can be done in a rapid manner by means of StammSr’s tube. 

* 

This instrument consists^of a burette which is open at the bqftom 
and wrfich bears at the top a small separating fumnel connected by a 
cock. J he burette is provided wtth a scale, the zero commencing at 
the bottom, while from fhis point td the cotk the (jontents arjjust 50 c.c. 
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Tlie glass cock is a three-way one, which can snake commilhication • 
between thei separating funnel and the burette, as well a? between the 
Surette and the atmosphere. If the cock is connected with the saturation 
gas pipe; the gas can be sent immediately into the burette. When 
analysing the gas the burette is immersed in a wide glass cylinder 
full oj water, the cock *is opened and the burette is filled with water. 
Thereupon connection is made between the burette and the gas pipe; the 
gas forces out the water, fills the burette, and; flows out from the open 
bottom. The cock is shut, the connection vdth the gas supply dis¬ 
connected and the burette raised, so that the water in .he cylinder is on 
the same level as the zero point of the tube, the gas being allowed to 
rise just to zero by carefully ojiening the cock, so that just 50 c.c! of the 
gas are measured. - 

About 20 c.c. of potash solution of ]'25--l'30 specific gravity are 
poured into the separating funnel ancja little run into the budette, which is 
raised so that its level is somewhat higher than that of tht>surrounding water. 

The caustic potash solution combines with the carbonic acid very 
rapidly, the water rises in the burette and takes the place of the absorbed 
gas, and when there is no lunger any .’.Iteration! in the water level, 
observing the precautions mentigned abo\e, a little more potash solution 
is added;^the lower end of the burette is closed with the thumb; the 
stopper of the funnel containing the strong potash solution is held fast, 
and the apparatus shaken vig<?rously. The carbonic acid is now totally 
Absorbed, so the burette is replaced in the cylinder, and held so th.at tl?p 
W’ater is on exactly the jame level as that in the Ci'linder, after which 
saale is read. Tffe figure observed multiplied by 2 represents (he 
carbbnic acid content of the gas in per cents, by volume. 

• 'detection of Sulphurous Acid and’Sulphuretted 
Hydrogen. 

These two gases may occur in the saturation»gas when the coke 
• contains .Sulphur in the form of sulphide. They are never determined 
quantitatively in the saturation gas, only qualitatively. If the gas 
contained sulphurous acid, or rather sulphur dioxide, it decolorizes a very 
♦dilute starch solution coloured blue with a drop of a solution of iodine in 
potassium iodide when conducted thiOugh*it* •, 

Sulphuretted hydrogen is detect|d by the gas being conducted over a 
piece of filter-paper, moisten^ with j solution (jf lead acetat*. A brown 
colour is tht pAof of*its presence. 



VI. SULPHUR. 


I 

The sulphur burnt in a special furnace in order to supply the 
sulphurous acid used in clarification of the cane’ juices, syfups and 
molasi^es ij usually the refined article, which, in most cases, is of‘sufficient 
purity. The following methods of analysis may be u.sed for tS.sling it. 


Methods of Analysis. 

Ash.-— 10 grins, of the finely powdered material are weighed in a • 
tared porcelain crucible, lighted and burnt without heating till the flame 
is ccxtinguislied. The crucible is then'heated on a flame, at first gently 
and later more st'ongly ; and is finally cooled and weighed, the increase 
in weight represenling the ash m 10,gnus, of the sulphur. 

f: ' 

Sulphur. Two grms. of the very finely powdered sulphur are 
treated in a beaker with about 50 c.c. of carbon bisulphide; when most 
of the sulphur is dissolved, tlie^remainder is allowed to subside and the 
supernatant liquid is filtered through a dried and tared filter. The residue 
left m the beaker is again treated with tarbon bisillphide, this time with 
only 25 c.c., and the subsided liijuid is again filtered through.the same 
pap'er, this o|)eration being repeated three times. The undissoiv,ed 
portion is transferred to the filter with carbon bisulphide, the dry filte^ 
Allow'fed to stand for half-an-hour, until the solvent has evaporated; after 
which it is heatetf" for half-an-hour at 100'’C'’itj. an air-bath. By this 
heating that part of the sulphur which is insoluble in carbon sulplijd^is 
transformed into the soluble modification. After cooling the filter is 
wr.shed out witfi carbon^ bisulphide, and after standing in the air for 
lialf-an-hour, it is finally dried in an air-ba'di at 110" C, and weighedi 

I * 

The weight of the residue is that of the non-sulphur matter, so that 
the sulphur is fou^d by subtracting this from the dry matter in the 
material. 

The possible presence of selenium is not taken into consideration 
here, as this element occurs so infrequently and then only jti small 
quantities. , • 

Moisture. —100 grms. of' coart^ly powdered sulphur are drieS at 
100“ C .) constant weight in an air-l^ath. As a rule the moisture content 
is very inrf'gnificant in^ refine^ sulphur, ^ut since the cgntent of real 
sulphur is found indirectly, it is mentioned here for ihe reason that 
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possibly a sample of sulphur might contain an uncommonly lar^p per¬ 
centage, in which case this would be calculated as sulphur.. The ^yater 
readily evaporates, and therefore the pounding of the sulphur to coarse 
powder shpuld be donp rapidly, 

Arseific. —Arsenic may occur in sulphur in the form of c^id% and 
sulphida^ hnd may be detected qualitatively in the following way; 
1 grm,of finely powered sulphur is shaken with 15 drops of ammonia 
and 2 c.c. of water in a small test-tube, and filtered after half-an-hour. 
The’filtrate is mixed with 30 drops of hydrochlotic acid and 15 drops of 
oxalic acid solution, after which a strip of clean brass ftil iS dipped into 
^he liquid, which is warmed to f)0"-100° C. The presence of arsenic 
betrays itself by the greyish-black to'black colour which the foil assumes. 

ti 

Arsenic compounds remain in the residue insoluble in carbon 
sulphide, and can be dissolved therefrgm by nitric acid. Th^e cJUantitative 
determination is performed in the following way ;* 25 ^rms. of the fine 
sulphur powder arc extracted at 70° 80" C with dilute ammonia, after 
which the liquid is filtered and the* sulphu'" washed out. The filtrate is 
rendered acid with hydrochloric acid, the arsenic %ulphide which had 
originally been preset as sucl^ is precipitated, and a current of 
sulphuretted hydrogen is conducted through the acid liquid in order 
to precipitate likewise that portion of the arsenic which had been 
present as oxide. The precipitate is filtered off, washed oifi, washed 
info a porcelain dish, e\'aporated to dryness and dissolved in a Jew 
drops of nitric acid. Tlig solution is then transferred to a beaker, 
rc :d«rcd alkaline with ammonia, and precipitated with magnesia mixture 
The jJtecipitate is filtered 24 hours later through a dried and tared 
paper, washed with a mixture of three parts of water and one part of 
amrnouia, dried and weight*!, ,1'he weight of tlft ammonium magnesium 
arsenate multiplied, by 0‘39 represents the weight of arsenic (As) in 
25 grms. of sulphur. 

• 

\ gooA sulphur should not coptain more than 0-5 per cent, of ash 
and OT per cent, of arsenic. 



VII. SULPHUROUS ACID GAS. 


Preparation. 

Jhe ^sulphurous acid used in the clarification of cane sugaj products 
is exclusively prepared in situ by burning sulphur in a special ^{unlace. 
The use of compressed liquid sulphur dioxide in cylinders or bombs, 
which is often met withbn the European sugar industry, is not resorted 
to in the tropics because of the large amount of sulphurous acid 
employed, ahd the high expense of the transport of the empty cylinders 
back to be recharged. Yet if it were possible to use compressed sulphur, 
dioxide in a cane sugar factory, this" should be done by preference as it 



is quite pure, easily handled and ‘very economical; therf no sulphuf 
fumes would be wasted which is, unfortunately, the case with sulphur 
furnaces. 

In most cases the mai^facturer makes his own sulphurous acid Sy 
bummg.-sulphur in a current of air, which is forced or sucked over the 
burning sulphur and carried int8 the sulphitation tanks saturated with 
the sulphur dioxide gE&. 
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The sulphur furnace (Fig. 25), consists of an iroji oven which piay be . 
cooled by means of a water-jacket at the top. The pipes through whijh the 
gas escapes are also provided with a water-jacket in order to condense 
lie volatilized sulphpr, and thus prevent the narrower pipes from getting 
hcked with sublimed sulphur.. The sulphur is placed on an iron ladle, 
^hich is thrust into the aven after the sulphur is ignited. Fr(Jm tTme to 
ime tlie door of the oven is opened to add a fresh supply of sulphur, or 
. box* shut at the top with a lid and at the bottom with a valve, is placed 
iver the ladle with the burning sulphur. This ^ox is kept full of pieces 
>f sulphur, and now and then the valve is opened to aljpw ^ fresh supply 
o drop into the fire, without admission of too much air. If the sulphur 
loes not burn well this may be remedied by placing a hot iron in it? or by 
tindling a fire with a fuse, consisting of rope drenched in molten sulphur, 
some sulphur ovens arc capable of being heated in case the temperature 
s too low for good and regular burning. In some systems air is 
breed over the sulphur by an air compressor, whMe in oftiers, as in the 
Quarez system, an injector in the discharge pipe sucks off the gases and 
:auses a draught of fresh air for (Binbushon. 

It is very important that the air passing over ,tho sulphur be dry, 
since *moist air imoipoles the formation of sulphuric acid from the 
sulphurous acid and oxygen of the air, which corrodes the iron oven and 
the pipes. 

* The air is dried by passing it through a box provided with trays 
ftlled with lims. As soon as the lime is saturated with moistu»e o» 
one of the trays it is renKived and replaced by another one containing 
fre lime, so as always to have an abundant supply of hygroscopic 
mateTial in the current of air. When the air is forced over the sulphur, 
by means of an air compressor, it is advisable to have^ this compres^r 
between the dryer and th# sulphur oven, for if th^ dryer is between the 
crJhipKssor and tfce oven the fire may get extinguished whenever the 
drying box is opened for changing the trays of lime, the air supply to 
the oven being fjien stopped. • 

* \Vhen, on the contrary, the;, sulphur fumes are sucked out of the 
furnace by an injector? the change of trays does not influence the 
combusfion, for, even if duripg a few moments the drying of the air is 
'incomplete \hrough the open door allowing undried air to enter, these 
few moments are nqf sufficient to caflse hanrf! » • 

The sulphur fumes are not waShed before they are coiiducted inte 
the pipes for th^ saturators, aS thereWy oisdation* to sulphuric acid migh 
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be profnoted, but tliey are conducted through an iron box loosely filled 
with toke, wfiere, if necessary, some impurities dragged along with the 
current of gas can be withheld. * 

The mixture of gases escaping from the sulphur furnace cbnsists of 
sulplujr (^oxide, the unused portion of the oxygen, and tho nitrogen 
remaining inactive. Theoretically the sulphur (fioxide content cav attain 
21 per cent, by volume, but in order to ensure a total combustion of the 
sulphur and prevent entrainment of sulphur vapour, there should be a good, 
excess of air in the furnstce, so that in reality the sulphur dioxide content 
is about 14 pbr cdbt. by volume, which may wse to 16 or fall to 12 per 
cent, without any difficulty being encountered. 


Deternunation of Sulphur Dioxide in the 

, Sulphur. Fumes. 

« * 

The gas from the sulphur furnace is only 
tested as to its content of sulphur dioxide, 

O 

which is performed in a way analogous to 
that of the carbonic acid in the saturation gas. 

The sulphurous acid or sulphur dioxide 
combines with potash to form soluble potash 
sulphite, sS^that the decrease in volume repre- 
jSentj the amount of sulphurous acid gas in 
the gas. , 

* The apparatus used in this determination 
necessarily differs from the one in use in the 
carbonic acid estimation, because the sulphur¬ 
ous acid is much mo{p soluble in water tlian ^ 
the former, and therefore cannot be measured 
above water. 

A very reliable apparatus has been con¬ 
structed by Leon Landes (Fig. 26). U con¬ 
sists of a burette of just 100 c.c. capacity, 
which at its harrow end is divided into fifths 
of a c.c. to a total amount of 34 c.c. The 

upper \;nd of the burette is jfrovided Vith a tnree-way rf:ock and a separating 
funnel with stopper, while at th4 bottom a second three-way cock is 
fitted, which is conneetted with a flask by ^neans of a rubber tube. 



• Fig. 26. 

Landes' Sulphurous^Acid Buretti 
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Before analysis the burette is washed with^ alcohol anc^ ether,, 
and,fully dried by blowing away the vapours of these volatile liquids 
with a current of air. The cock b is opened in such a way that it is 
in comniunication '.^yth the flask filled with water. The flask is lifted 
and the rubber tube is filled with water, which runs out of 6, the latter 
being shut as soon as tte water comes out of the opening. • N^xt the 
two th*ree-way cocks are set so that the burette is, on both sides, in 
comnfunication with the atmosphere; a is connected with the pipe 
'supplying the gas to be analysed, which escapees through 6, untif it is 
certain that the air has been completely replaced by thg gas^ The cock d 
is now shut and afterwards b, the apparatus being disconnected from the 
gas pipe. Potash solution (a solution of caustic potash of P25 sjjecific 
gravity) is poured into the separating funnel, and some is allowed to run 


into the burette by carefully opening cock d, which at^once absorbs the 
' Sulphurous ticid gas. The burette is removed from its stajid and well 


shaken for a few seconds, after whici’ 
communication between the burette 
and the water flask is restored«by 
opening cock c. The burette is then 
replaAd in its former vertical posi¬ 
tion, and after 10 to 15 minutes*the 
level of t^. water in it is read, taking 
care to lift the water flask sp that 
^oth levels are just the same. The 
decrease of volume in c.c. represents 
the pgreentage of sulphurous acid 
cont^K of the sulphur fumes. 

A second method, which has the 
merit of being more rapiA, is,that of 



B^iclf improved Lunge (Fig. 27). 


Fig. 27 . 


. , , , Sulphurous acid determination in 

It consists of <i wiclO'inoutnccl su^hur fumes. 

flaskj having a* content of 250 to 

300 c.c., closed by a rubber stopper with three holes, one of which bears 
a glass tube reaching nehrly to the bottom, and through which the gas to 
analysed enters. The second hole carries a glass tube, for the exit of 
the gas, ending near the top ; while in the^third hole a funnel is inserted, 
through which the reagent can be added. 'T'he’gas outlet is connected 
with an aspirator, while the water fli^ving out is collected in a measure. 
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Tke absorption,bottle contains 100 c.c. of boiled and cooled water, 
to which are’added a few drops of starch solution; 10 c.c. of decincfmal 
iodine solution (containing 12’7 grms. of iodine and 20 grms. of potassium 
iodine per litre) are pipetted into the funnel, and washed with water into 
the bottle, after which the funnel is closed by a rubber stopper. 

The flask is connected securely with the sulphur fumes 'pipe and 
with the aspirator, and when it is desired to analyse the gas, a cpck in 
the discharge tube of theHispirator is opened fully and another one in the* 
tube connecting the absorption bottle with the supply tube is opened only 
a little. The aspirator at once sucks the gas through the iodine solution, 
while the current is kept at a sufficiently restricted rate that the gas bubbles • 
through slowly enough to see each bubble separately. During the flow 
of gas the absor])tion bottle is kept in'gentle motion, and the current of 
gas maintained fill the dark blue liquid becomes colourle,ss, owing tp, 

the free iodm» being combined wifli the sulphurous acid to hydroiodic 

0 * 

acid. As soon as the blue coloration has vanished the cocks are shut, 
so that the outflow of water is stopped. The quantity of water in the 
measure is read and the analy^s repeated, as one is not always sure that 
during the first expeViment all the air has been replaced by the gatj. 

From the number of c.c. of water discharged from the aspirator the 

sulphur dioxide content of the gas is calculated by the formuli 

•■*1114 I * 

- ' ^- — per cent. SO 2 by volume. 

c.c. of water + 11T4 , 

• 1 
This formula is based on the following considerations; 10 c.c. of deci-normal 
• * . . . 
odine solution oxidize 0'032 grms. of sulphur ^Jioxide, which a| 0“ C 

and 760 m.ni. pressure occupy a volume of 

1000 X 0-032 ,,,, 

• • '. 2-8731 11'1'l-^c.c. 

This is the quantitj^of gas absorbed, and”the unabsorbed part is equal 

to the volume of gas that has issued from the aspirator, so that the total 

volume analysed ^ v + 1T14 (u being the number of c.c. which have 

issued from the aspirator); u+ 11-^4 c.c. therefore dontaip HT4 c.c^ 

of SO 2 , or 100 parts contain • 

11-14 X 100 , r cn 

—-- parts of SO 2 

11-14+ v 


1T14 c.c. 


parts of SO 2 
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Determination oi Aci^ty in Claritied Jui(^ 
and in Syrup. * • 

The total acidity of clarified juice and of syrup is determined by 
the \itration of a measured portion of those products with decinormal 
potassiurS hydroxide solytion. , t 

For the determination of the acid content in clarified juice, 100 c.c. 
are rrffeasured in a porcelain dish, a few drops of phenolphthalein solution 
added, and deci-normal potash solution addetf from a burette tttl the 
cofour of the juice has become pink. For syrup 25 c.c. are diluted to 
100 c.c. with water, and treated in the same way. 

The acidity is expressed eithe* as acetic acid or as sulphuroifs acid. 
In the former case every c.c. of *tlie deci-normal potash is equivalent to 

6 mgrms. of acetic acid (C^lhOz), and in the latter, to 3'2 mgrms. of 

• » . • 

sulphur dioxide (SOz). , • 

^ * 

100 c.c. of clarified juice requiring 10 c.c. for nefltralization possess 
an acidity of 0'06 per cent, expressed as acetic acid or 0'032 as sulphurous 
acid. The difference in density betwe§n juices and water is too small 
to make an allowance for when analysing juice, while in syrup it may 
be corrected by divithng the figure by 1‘25. As the acidity in the syrup 
has been determined in 25 c.c. the number of c.c. of deci-normal potash 
sq^ution must be multiplied by 4 to give the result on 100 c.c. 

^ Instead of such a laboratory titration the acidity can be found by 
using the Vivien tube. This is a wide glass tube having a narrow*neclf, 
whicl'^can be conveniantly closed with the thumb. It bears the follow¬ 
ing 4i i'isions etched on the glass. Below the zero mark it contains 
exactly 10 c.c., and above it is divided into 25 degrees, subdivided into 

tenth.s of a degree. Every degree occupies a space of ^ c.c., so that tJie 

% • 

divided capacity measures 50 c.c. Titration is •ffected by filling the 
tube w;th N/lOO^iotassium hydroxide coloured with phenolphthalein to 
the zero mark and adding the acid juice slowly under the constant 
movjsmenW of the tube, till the ^ink coloration just disappears. The 
number of degrees occupied b> the juice at that moment is read and 
recorded. * 

It is of course feasible* by a very simple calculation, to find the 
acidity of the juice, but that iS sejflom ^one, and only the number of 
“ Vivien degrees ” ^s recorded. Once for all, we state with wha^ degree 
of acidity in the laboratory l^e best results are obtained, atyd after that 
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the number of Vivien degrees which have to be found in the juices and 

> • t 

syrup^s is fix^d. Suppose we have found that an acidity of 12 Vjvien 
degrees has proved to yield the best results, then the only thing the 
attendant of the sulphurous acid saturation of the (;larified juic^ and the 
syrup has to do is to test occasionally the number of Vivien degrees 
that hts jrflces possess. When he finds, c.g., the.number 10, it m^eans that 
the juices are too acid, and that he has to shut the valve of the lulphur 
fumes somewhat; while, if the number exceeds the fixed figure, he has 
to opfin it till the juices attain the proper acidity. 


Determination of the Sulphurtous Acid Content 
in Juices. 

By the det«”mihation of the acidity the total amount of free acid 
is found, afid not only that due to .the sulphurous acid alone. If it is 
desired to determf,ie tfie sulphurous acid alone, the clarified juice and the 
syrup are titrated with centi-normal iodine solution. 25 c.c. of clarified 
juice, or 10 c.c. of syrup diluted witn its own volume of boiled and 
cooled water, are pipetted in a porcelain dish, a few drops of^starch 
solution added, antf N/lOO iodine solption (l'27i grins, of iodine and 
5 grins, of potassium iodide to the litre) is added from a burette till the 
liquid becomes blue. Every c.c. of the iodine solution is equivalent to 
0-32 mgrm* of sulphur dioxide, so that the amount of that constituent 
jn gtms. per litre may be found by multiplying the .number of c.t. 
• employed by O’Oli'S in the case of clarified juice, and by 0-032 in the 
cdse of syrup. If it is desired to express the amount of sulphur lliotdde 
as a percentage, it suffices to divide the grms. per li.tre by ten timis the 
specific gravity of the liquid analysed. 

As already said, /or t!ie determination of the total acid in the juices 
and syrups it is not always necessary to record ths exact amobnt of 
sulphur oxide as a percentage, but a conventional degree easily ascertained 
in the factory may*De used, provided in the laboratory it has been decided 
with what number of degrees the best Results are being obtained. '' ' 

A tube, in shape similar to the Vivien, in employed. The space 
under the zero mark is 6 c.c., of which the.undermost portion oi 4 5 c.c. 
is intended'for the juice or the syrup, the second portiod of 1-5 c.c. 
serves tfor the starch tolufion, whSe the tube abo.ve the zero mark is 
divider in 25 degrees, subdivided i»to fifths of a degree. The value of 
every degrde is 1-4 c.c. ■ 
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The titration is effected by filling the lowermost portion^ with the • 
jyice or the syrup to he analysed, the second with the,starch ^solution, 
after which, while gently shaking the tube, centi-normal iodine solution 
is slojvly poured.in until the blue coloration remains. The volume of 
r degree being 14, the quantity of sulphur dioxide oxidized by the iodine 
of 1 degree is 14 >^0-32 = 045 mgrm. of SO 2 , so that»evd!-y degree 
reaif on the'tube is equivalent to O'l grm. per litre. As has been said, 
tbs calculation is very seldom made, and the instructions to the man- 
in-charge are to sulphite till the juice or sfrup shows a certairf number 
*of degrees. 


VIII. “BLANKIT" OR SODIUM HYDROSULPHITE. • 

* • 

" • 

Sodium hydrosulphite or “ Tdaiikit ” is a iiiie^hfte powder, having 
an acrid odour. When heated on platinum foil it gives of!' vapours of 
sulphur dioxide, and leaxes b^ind sodium .sulphide. It dissolves easily 
in water to torm an alkaline litjuid, wh.ch yields white precipitates with 
bartum and calcium chloride, decolor.zes ferric! chloride by reduction, 
reduces potassium bichromafe to green chromic sulphate; yields a 
yello\v*()recipitate with lead acetate, a black one with siKer and mercury 
solutions, and decolorizes sglutions of iodide in potas.siuqj iodide, and of 
indigo in sulphuric acid. The blue coloui of the latter reagent is restored 

after the hySrosulphite has become oxidized by some reagent or othe?. ^ 

• • 

„ « The chemical analysis of the preparation only needs to state wl»ether 
it*still possesses the percentage of real hydrosulphite of 90 per cent., 
with which it has left the factory, or whether this has diminished in the 

A 

course of time. 

• 100 mgrrus. of dry hydrosulphite are weighed from a weighing 
bottib into a dry Erlenmeyer flask and a current of hydrogen or nitrogen 
passed through the flask to displace the air. Ne*t a sufficient quantity 
0 # stanSard ammoniacal copper solution is added to the powder from a 
burette. The hydrosulphite dissolves, reduces the cupric salt to the 
cuprous state and thereby decolorizes the copper solution. A few drops 
of Indigu carmine are added, and the titrated copper sokition from the 
tfurette is poured in till the blue (larmiife ®olo^ation remains. * 

The copper solution is prepared by dissolving 4'995 grms. of copper 
sulphate (QuS 04 5 H^Otin water infi litre iask, rendering alkaline with 
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ammonia ^and filling up to the mark. The indigo carmine solution is 
made dissolving 1 grm. of indigo sodium sulphonate to 1 litre of 
water. 

One c.c. of the ammoniacal copper solution ‘is equivalanl to 
T74 mgrms. of Na-jSaOi, the reaction being represented by the 
following equation : • 

2 CuSO^S H20 + Na..S 2 0, + 4 NH3 = CuaSOi + 

499 5 174 

• NaaS03+ (NHi3)2SO;i+(NH3)aS04 + 3 H 2 O. 


IX, I*HOSPHORIC ACID AND ITS PREPARATIONS. 

, Constitution. 

t 

An analy.sts yf a sample of commercial crude phosphoric acid and 
two of acid calcium phosphates are as follows : ~ 



1 

1 f i 

Sokiblu 

pH'vty crude 

Pasty crude 

Cojibtitucntb. 

Phohphoric 1 

Acid Calcmiii 1 

Acid Calcium 


• 

Acid. j 

i'bosphate. 

Phosphate. 



« i 

t 


Ca Pa 0» ^ 


2-27 

28-19 

.38-18 

Pea (H, Pa 1 

!■ Soluble 

7-75 

« 

12-74 

2-63 

H» POi 


45-91 

18-53 

15-89 

Ca'SOi* J 


— 

4-93 • 

1-53 

Caa J’a Os 

«. 

1 

— 

• . 4-44 

2-73 

Fea Pa Os 

Insoluble ... 


2-90 

6-91 “ 

Sand 

) 

— 

0-'73 

1-10 

Moisture ... 

.«.. .... ... 

44-07 

27'54 

' # 

31-03 

Total ... 

t 

100-0 

100-0, 

100-0. 

Free and half combinjd P 2 Oo 

36-95 

29-93 

• 

27^90 


In modern times the rather crude acid calcium phosphate preparations 
are supplanted by pure mono-calcium phosphate (Ca H< P 2 Os) eitlier in 
a dry state or ns a paste with a varying moisture content. • 

The \jewly recommeftdefl phospHoric acid preparation, known as 
“Phospho gelose”, consists of from25« 50_percent. of kieselguhr and from 
75-50 per cent, of technically. pure insofuble dicalciun\ phosphate 
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(Cas H2 P2 Os). According to information obtained from the^inventor, • 
tl;e proportion of 53 per cent, of either constituent has proved Jhe most 
favourable for use. 


, An authentic sample analysed by the author showed this constitu¬ 


tion 


Dicalcium phosphate 
F e'rric diphosphate . 
Calcium sulphate 
Kieselguhr 
Moisture 


4?-50 

1- 50 

2- 40 
44-90. 

6-70 


100-00 . 


An analysis of the phosphoric acid preparations is confined to the 
determination of the content of free acid, of total pho.sphoric acid, and 
of sulphwric acid. The first constituent neutralizA; the second causes 
a flocculent precipitate; while thd sulphuric acid form* gypsum, which is 
objectionable, and should not be found in any appreciable quantity in the 
preparations. 


,, Methods of Analysis. 


fi;pe Phosphoric Acid,— 20 grms. of the well-mixed sample are 
^treated in a litre measuring flask with about 800 c.c. of water, and shaken 
for half an hour. The liquid is filled up to the mark and then filtered. 

100 c.c?, equivalent to 2 grms. of the preparation, are trAisfefred 
to a beaker, and aiter the addition of a few drops of phenolphthalein 
solution are titrated with normal sodium hydroxide solution from a burette 
till a faint pink coloration is produced. 


As phenolphthaleiji show neutrality aa soon as the disodium sMt is 
, foijned, every ^c.c. of the normal^ soda solutioR is equivalent to 0-0355 
grnj» of phosphorus pentoxide (P 2 O 5 ), or to 0-049 gm. of ortho- 

phosphoric acid (HsPO*). , 

« 

♦ Suppose that 20-9 c.c. of normal soda solution were employed, the 
preparation would contain 


20-9 X 0-0355 


or 


20 

20-9 >i 0-049 


• X 1,000 — 37-11 percent, of P 2 O 5 
X 1,000 — 51-20 per cent, of H3PO4 


20 • 

that ts as fjee acid, or posJibly as «,n qpuivalant quantity df an acid salt. 
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TotaJ Phosphoric^ Acid. —25 c.c. of the above mentioned solution 
of 20 grjns. of ihe preparation in 1 litre are transferred into a beaker, 
and almost entirely neutralized with ammonia. 50 c.c. of citrate solution’ . 
are added, and if all turbidity does not disappear at opce some njore of 
the solution may be added till a perfectly clear and strongly alkaline 
li(]uid is fibtitfned. This is cooled by placing the,beaker in colcf water, 
and following this 25 c.c. of magnesia mixture are added 'slowly Vith 
constant stirring. After half an hour about 10 per cent, by volumes of 
ammonifl, is added and the'beaker is left at rest for 12 hours to allow 
the precipkate ^of ammonium magnesium phosphate to settle. ■ Th6 
additioK of the magnesia mixture must, however,*take place immediately 
after the, cooling, otherwise calcium phosphatb might crystallize out. 
The precipitate is collected on an ash-free filter, and treated just as the 
analogous precipitate of ammonium magnesium phosphate in the determi¬ 
nation of maggesia in lime (see page 116). • 

• , 

The precipitate finally weighed as magnesium pyrophosphate and 
by multiplying the weight found by the factor 0'64 that of the quantity 
of P-.’Os is calculated. • * 

• 

Sulphuric Acid. —100 c.c. of the solution of 20 grms. of tKe*pre-' 

• * * 

paration to 1 litre are precipitated hot with a hot barium chloride 
solution and the precipitate treated exactly as has been presc*ribed in 
the sulphuric ^ccid estimation in the lime. • The weight of the bariuni 
sul^hat^ multiplied by 0’5828 shows the quantity of gypsum in 2 grms.« 
oi the preparation. 


Estimation of the Phosphoric Acid Content 
fron^ th*e Specific Gravity. 

The phosphoric acid content of pure solutions of tfiat acid n^y be, 
ascertained from th^r specific gravity, using the table given here. 
Solutions of acid calcium phosphates, cannot be tested* in Uiis way, 
because of their lime-salt content varying %o much. 


^150 grms. citric acid are dissolved in 600 c.c. of water; to this Solution 500 
c.c. ammonia are added (spec. grawty^'Oi) ^d the mixture diluted to 1600 c.c. The 
solution may not be used after Seing kept longer than two month% because it dissolves 
silica fron. -he glass of the bottle in which it is preserved. As the silica is precipitated 
with the magnesj^, the phosphoric acid contem will be found too high if a stale solution 
has been employed. 
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Specific gravity of pure solutions of Phosphoric Acid at C. 

(S2-5“ F.) , 

Percentage of the Percentage df the 


specific 


Solution of 

Specific 

Solution'of 

Gravity. 


H,PO^, 

P.Or,. 

Gravity. 

H, PO*. 

Pa 0,. 

1-0024 


1 ... 

0-726 

1-1928 

... 31 . 

22-506 

l’O079 


2 

1-452 

1-2000 

... 32 . 

., 2«-232 

vcn34 


3 

2-178 

1 2073 

... 33 . 

23-958 

1-0190 

... 

4 ... 

2-904 

1-2148 

... 34 . 

24-664 

1-0246 


5 ... 

3-630 

1-2224 

... 35 

25;410 

1-0303 


6 ... 

4-356 

1-2295 

... 36 

26*136 

1-3360 


7 ... 

5-082 

1-2375 

...,37 ,. 

"*56-862 

1-0419 


8 ... 

5-808 

1-2453 

... 38 . 

27-588 

1-0478 


9 ... * 

6-534, 

1-2532 

... 39 . 

28-314 

1-0537 


10 ... 

7-240 

1-2611 

... 40 . 

29-040 

1-0597 


11 ... 

7-986 

1 -2698 

... 41 . 

29-766 

1-0658 


12 ... 

8-712 

1-2772 

... *42 . 

30-492 

1-0719 


13 ... 

9-438 * 

1-2854 , 

... 4» . 

31-218 

1-0781 


14 ... 

10-164 

1-2936* 

...’44 

31-944 

1-0844 


15 ... 

10-890 

1-3018 

... 45 

32-670 

1-0907 


16 ... 

ll-6f6 • 

1-3102 

... 46 

33-496 

i-0970 


17 ... 

12-342 

1-3186 

... 47 

34-222 

1-1032 


W ... 

13-0()8 

1-3273 

... 48 

34-948 

1-1097 


19 ... 

13-794 

1-3358 

... 49 

35-674 

1-1*63 


20 ... 

14-520 

1-3445 

... 50 

36-400 

1-1208 


21 ... 

lS-246 

1-3532 

... 51 

. 37-126 

1-1296 


22 ... 

15-972 

1-3620 

... 52 

. 37^852 

1-1364 


23 ... 

16-698 

1-3718 

... 53 

. 38*578 

1-1432 


24*.!. 

17-424 

1-3808 

...* 54 

. 39-30^ 

1 1501 


25 ... 

18-150 

1-3899 

... 55 

. 40-030 

1-1571 


56 ... 

18-876 

1-3980 

... 56 

. 40 756 

1-1641 


27 ... 

19-602 

1-4072 

... 57 

. 41-48i 

1-1712 


28 ..* 

410 328 

1-41*65 

^.. 58 

. 42-208 

1-1784 


-29 ... 

21-054 • 

1-4259 

... 59 

, 42-034 

1^856 


30 ... 

21-780 

1-4353 

... 60 

. 43-660 


X. SpDIUM PHOSPHATE. 

• 9 

This chemical consists of large folourless crystals, withering on 
contact with thrf atmosphere owing to loss of water of crystallization, 
becoming white and dull. GeneAlly the material is of sufficient purity, 
and theifplh^in^ tssts are only given'for confirmation. The solution in 
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lyater sodium phosjjbate is alkaline to litmus paper, and gives a 
y'ellow .precipitate with silver nitrate, which dissolves nn nitric aqid 
ind also’in ammonia. 


Xi. ANIMAL CHARCOAL OR B 9 NE BLACK. 

Constitution. ' 

t 

Animal charcoal or bore black is prepared by carbonizing the large 
bones oL. animals out cff contact with the atmosphere. In^ some 
countries the custom*s to carbonize the cleaned bdnes without their having 
undergoge any preparatory treatment save the •removal of flesh and fat, 
while in others the gelatinous matter is also removed before the car- 
• bonization. It is highly probable that the decolorizing power of the char, 
is higher if the gefatine remains, as it appears that the presence of a 
nitrogenous body plays jn important foie in decolorization. 

The composition of a good quality of animal char may be re¬ 
presented by the following analysis:— 


Carbon ... ... * ... 

9-88 

per cent. 

Calcium phosphate ... 

... 73-15 


Calcium oxide 

. - 1-8^. 

>) 

Calcium carbonate ... 

7-54 

}» 

Calcium sulphate ... 

0-08 

>» 

Magnesium carbonate 

0’]8 

t) 

Iron oxide and alumina 

0-36 

ft 

Nitrogen 

1-08 

i’ 

ff 

Sand ... 

0-25 

Moisture * ... 

... •4;88 

tf 

Undetermined . 

0-74 

100-00* 

ft 


• • ' 

Methods of Analysis ‘for Animal CJvarcoal. • . • 

Moisture,—5 or 10 grms. of finely powdered material are drie5*m an 
air-bath at 110° C t?) constant weight and weighed. The difference is 
moisture. This determination is very ijnportant, since new char ifiay 
absorb great quantities of moisture without any physical alteration. 

Carbon and Matter Insoluble in Hydrochloric Acid.—10 grTn.<!!of the 
finely powdered char are boiled^for a quarter of an hour with 4o to 50 c.c, 
of pure concentrated hydl’ocflloric acTd in an Erlennyeyer flask covered. • 
with a watch-glass. The solution is alilyted and filtered through a tared 
and dried ash-freej^filter. »The -wholtf of the precipitate is ctjllected on , 
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filter, washed till the wash water no longer shows an acid reaction, dried 
iij, an air-bath .at 110“ C and weighed. ^ 

The weight of the dry material is that of the carbon and the mineral 

insoluble matter. • The filter and its contents are incinerated in a platinum 

lish aijd the weight of the ash previously ascertained subtracted from that 

Df the.dry matter. ® ’ 

0 . 

The difference represents the weight of the carbon in 10 grms. of the 
char, and the weight of the ash corresponds with the mineral matter 
[nsoluble in hydrochloric acid. 

Czdcium Sulphate.' —The filtrate of the formir ol?eration together 
with the wash-waters iseheated and precipitated with a hot solution of 
barium chloride. The precipitate is treated just as has been described 
under the section Lime (page* 117), and the weight of the heated pre¬ 
cipitate rpultiplied by the factor 0'4833 represents the Veighl of the gypsum 

or calcium sulphate in the 10 grrrfs. of the char emploj^d. 

i • 

Calcium Sulphite. —10 grms. of the char are treated just as has been 
described before, with the exception that, together with the hydrochloric 
acid, a few’ crystals of potassium chlorate are added to oxidize the sulphite 
to Ihlphale. The j;ulphate is determined again and the difference between 
the calcium .sulphate found before and after oxidation is calculated to 
calciilifl .sulphite by multiplying the difference by the factor 0’529. 

Calcium Carbonate. —The calcium carbonate content is best de¬ 
termined gaaometrically by means of Scheibler’s calcimeter (l^ig. 38). 
T7 grms. of the very# finely powdered .sample a^ie introduced into the 
4ry*flask A, together with a hard rubber tube containing hydrochloric acid 
of*lT2 specific gravity. The level of the water in the burette C is 
brought to the zero mark by the rubber balloon V and the cock P; the 
flask A is shut with aowgll-ground glass Copper, which by means of a 
tuBe allows ccwmunication between the contents of the flask and a thin 
anrtexible rubber bladder placed in flask B, this flask in its turn being 
connected b> means of the glass tube U with tl^e burette. If by the 
pressure of the stopper the levdl of the water in C has decreased some¬ 
what, this can be r^edied by gently opening cock q till the level is 
figain adjusted. By inclining flask A so that the hydrochloric acid runs 
out of tlfe rubber tube and comes in contact with the char, the calcium 
(»rbonate is dectynposed into calaium chl<i):id® and carbon dioyide, which 
escapes as a gas, causing the blazer to swell and to replace just as much 
air is the flask B, and consequently water in Jhe burette Q as the volume 
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evolved. During analysis cock p is gently opened to allow water to flow 
off, taking car^ that tlie level in D should always remain somewhat 



Fig. as. 

Scheibler's Calcimeter. 

• • • ^ . 

higher tha.. in C. The flask A is wel^ shaken in order to be sure of the 
total decomposition of the farbonate, and aftet having t«Ti minutes 
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to allow the temperature, which has risen by the chemical reaction, to f^ll 
again, tiie levels in the tube C and D are again adjusted to tjie same^height, 
tafter which the temperature and the volume are read respectively on the 
thermqmeter and calcimeter. The percentage of calcium carbonate 
mfly be obtained from these readings, making use of the table on 
pages 162 and 163. • • * 


interpretation of the Results of tlfe Chemical ArTalysis 
qf Animal Charcoal. • • * * 

The chemical determinations described here have no direct^.bearing 
on the quality of the char but chiefly serve for the control of the revivifi¬ 
cation, as will be shown here. 

1. T4ie amount of calcium carbonate in the revivified char must, 
after being washed with hydrochloric acid and^aAer having been 
carbonized, be about the same as in new char, i.e., 7 to 8 pet cent. The 
estimation of the amount of cjjcium ^carbonate in the spent char will 
therefore give us a good clue as to the .amount of hydrochloric acid to 
be U!fcd. 

•• . 

Suppose that we found at 21° C 8-5° on the calcimeter, then from 
tlie reaifings on tlic table tlie calcium carbonate content is found to be: 

• *8 = 7-84 

0-5 = 0-48 

8'5 = 8'32 per cent. * 

*Suppose that’we want to reduce that content by 0'5 per cent, by 
dissolving some of the carbonate in hydrochloric ajid; 100 part^ of 
calc'um carbonate requift«3 parts of pure flCl,for solution, so that to 

loseTl’S per centj*n 100 parts of the thar, 0'365 parts of H Cl are required. 

• »» 

In the table on page 169 may be found to hjw much commercial 
, hydrochloric a*cid this quantity cf HCl is equivalent, so that an easy 
calculation will show how mucfi of the commercial acid is needed in the 
factory. * 

• Suppose that the acid Contains 33 per cent, of H Cl, ^len for every 
100 kg. of the spent char ^ ^ commefcial acid 

are required. - • 
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SCHEIBLER’S TABLE FOR THE DETERMINATION OF THE PERCENTAGE 
A ifoRMAL weight OF 1-7 GRMS., AND MEASURING THE CJ^RBONIC 

c. ’ . 


g S Temperature in degrees C. 


“r-S 











o' 


13 

14 

15 

IG 

17 

18 

f 

19 

20 

21 

1 

0-80 

0-80 

0-79 

0-79 

0-79 

0-78 

0-78 

0-77 

0-77 

c 

0*77 

c 

2 ' 

1-88 

1-87 

1-80 

1-86 

1-85 

1-84 

1 83 

1 82 

1-81 

1-80. 

3 ' 

2-95, 

2 -a^ 

ana 

a-91 

2-90 

2-89 

_ 2-87 

2-8G 

2 -8^ 

2-^3 

4^ 

* f 

401 

4-00 

3-98 

3-9G 

3 94 

3-93, 

3 91 

3-89 

3-87 

3-85 


507 

5*05 

5-03 

5-00 

4-98 

f 

4-96 

4 93 

4-91 

4-89 

4-8G 

G 

CTl 

G-p9 

G-OG 

6-03 

G-01 

5*98 

5-95 

5-92 

5-89 

5-86 

7 

7T4 

,7-12 

7-09 

•> 

7-OG 

7*02 

6-99 

G 9G 

6 92 

G-89 

6 -8G 

8 

8-17 

8-14 

8-11 

8-07 

8-03 

8-00 

7-96 

7-92 

7-88 

7-84 

9 

9-19 

9-15 

9-12 

9-0% 

9 03- 

8-99 

8-95 

8-90 

8 -8G 

8-82 

10 

10-20 

10-IG ' 

10-12 

10-07 

10-02 

9-98 

9 93 

9-88 

9-83 

9-79 

11 

11-20 

11 15 

11-10 

11-05 

u-oo' 

10-95 

< fl 

10-89 

10-84 

10-79 

10-74 

12 

12-20 

12-15 

12-09 

12-03 

11-98 

11-92 

11-87 

11-81 

11-75 

11-69 

13 

13-20 

13-14 

13 08 

13-02 

12-96 

12-90 

12-84 

12-78 

12-72 

12*65 

0 

14 

14-20 

14-14 

o 

14-07 

14-01 

13-94 

13-88 

13-81 

C 

13-75 

13 68 

13-Gl 

15 

15-20 

15-13 

15-OG 

14-99 

14-92 

14 85 

1478 

14-71 

14-64 

^14j57 

IG 

16-20 

lG-13 

lG-05 

15-98 

15-91 

15 83 

15 76 

15-68 

15-61 

o 

15*63 

17 

17-20 

l'?-12 

17-04i, 

16-97 

16-89 

16-81 

. 4 

16 73 

16-66 

16-57 

16-49 

18 

18-20 

18-12 

18-03 

17-95 

*7-87 

17-79 

17-70 

1^-62 

17-53 

'17-45 

19 

19-20 

19-11 

• 

19-03 

18-94 

18-85 

18-76 

18-67 

18-59 

V. 

18*60 

• 

'18-40 

20 

20 20 

20-11 

20 02 

19-93 

19*98 

19-74 

19-G5 

19-55 

19-46 

lJ-36 

21 

21-20 

21-10 

21-01 

20-91 

20-81 

20-72 

iiO-62 

20-52 

20-42 

2032 

22 

22-20 

22-10 

22-00 

21-90 

21-80 

21 <!r0 

21-59 

21-49 

21-3^’ 

« 

21-28^ 

23. 

23-20 

23-09 

22-99 

t ( 

22.-88 

^-78 

22-67 

22-56 

22'46 

22-35 

22-24 

34 

24-20 

34-09 

23-98 

23-87 

^-76 

23-65 

23-54 

23-43 

23-31 

23-20 

25 

25^ 

35-08 

24*97 

24 <66 

S4-74 

24‘-63 

24.;51 

a4'89 

0 


34-l*l 




OF CALCIUM CARBONATE IN ANIMAL CHARCOAL, USING 
ACID AT TEMPERATURES BETWEEN 12 AND 30'»C. 


Temperaiore in degrees C. 





■74 2 78 2'72. 2'7J 

•73 3-71 3-70 3-G8 

•71 4-6!/ 4-G7 4-05 

•G8 6'65 .'•,•63 5-01 

. • 

•66 G-Gl G-58 G S6 ' 

* I 

•60 7^5G 7-53 7-49 

8-5»l 8-5^ 8-50 8-46 8-42 

■48 9 43 9-9e 9-34 

10- 68 )0G8 10'75* 10-52 lO'lS 10-41 10-35 10-30 10-26 

11- G**1158 11'62 11-46 11-40 11-33 11-27 11-22 11-16 

12- 59 12 53 12-46 12-40 12 33 12-26 )2'20 12-14 12-07 

13- 64 13-4813-41 13-34 13-26 13 19 18 12 13-05 12-99 

• • 

,U-«0 14-42 14-35 *14-27 14-20 14-12 14 07 13-97 13-90 

1^45 16-37 15-® 15-21 15 13 15 05 14-97 14-89 14-81 

16-41 16-32 10-24 16 15 16-07 15-98 15-8Q 15-81 15-72 

1 

17436 17-27 ILIB 17 09 17 00 1»91 16-82 16-73 IG 03 


17436 17-27 1J18 1709 

IS’S'* 18-22 18-13 18-03 


17-84 17-74 


19- 27 »-17 19-07 18-97 18-87. 18-77 18-66 18-56 18-46 

• . 

20- 22 20-12 20-01 1%91 19'80 19-70 19-59 19-48 19-37 

21- 1'f 21-07 20-96 20-85 ,20-74 20-63 20-51 20 40 20-28 

22- 13 22-02 21-90 21-79 21-67 21-65 21-44 21-31 21-20 

38-08 22-97 22-85 22-73 22-61 ij^-48 22-86 22-23 22-11 

34-01* 23-91. 33-79 38'67 ’$3-64 29-41 .23-28 «3'16 28 03 
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Materia^ employed In >Vhlte Sugar Manufacture 


. As tfee acid not on^y acts on the carbonate, but on other bodies as 
well, it is advisuble to take 50 per cent, more than the theoretical qtanti^ty 
found by the analysis. 

2. During the filtering process the char absorbs gypsum frcfrn the 
juices aijd thereby becomes less active, while in addition the sulphates 
exert an objectionable influence during and after •revivification. »When 
carbonizing a spent char containing more than 0'3 per cent, of gypsum, 
this will,act upon the carbon in the retort with the formation of carbon 
dioxide and calcium sulpj^ide, which latter gives off evil-smelling sul-* 
phuretted iTyclrogen r.hen treated with juices, and may also blacken any 
metal apparatus with which it conies into contact. 

The gypsum can be removed from'the char previous to its revivifi¬ 
cation by heating it with a solution of ‘sodium carbonate, which forms 
calcium carbonate *and soluble sodium sulphate. The latter can be 
washed away, wljile the former is removed with hydrochloric acid as 
stated before. ' 

When revivifying the char the first operation is heating with soda to 
transform the calcium sulphate into carbonate. 1 he gypsum content is 
known by analysis, add according to theory 1 part of gypsum requires 
078 parts of anhydrous sodium carbonifte for its treatment, but as an 
excess is not objectionable it is safe to use twice the calculaterk value. 
The char aft^r its treatment with sodium ^carbonate is washed till tlje 
alkaline reaction has disappeared, next it is boiled with the necessary^ 
amount of hydrochloric acid for bringing the calcium fcarBonate content 
toihe original figure,* and only then is it dried an'd carbonized. 

• » 

Test for the Proper Revivification. —100 grms.^ of revivified^char 
are boiled for two or three minutes with a solution of sodium hydroxide 
at S" Be., the liquifi isfiltere(j, and is examined in a test-tube. If it is nearly 
colourless the regeneration has beeg properly carried out, while a^dark 
colour of the filtrate indicates that the revivification iSs left something 
to be desired. 


r 

Physical Methods for the Detertuination of the 
Value of Animal C|varcoal. 

0 

c 

As jhas been said alreai^ ^ove.^the analytical tests to which a (riiar 
is submitted are very valuable for giving an idea regarding the chemical 
constitutioiiipf the char; but since fhe*act|pn of that material ^oes not 
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depend only on the percentage of constituents it contains,* chemical 
analysis alone is not sufficient. Physical tests have to be resorted to 
for fiY'ther inforrnation. ^ 

* Weight of 1 Litre of Char. —The weight of a certain volume of 
char i^ to some extept a criterion of its value, since that Miich weighs 
mos! is considered to be the best. A measure just containing 1 litre is 
fillfed exactly to the brim with the sample of char from the sacks (without 
pounding or pulverizing) and weighed. Ofle litre of good chdr should 
tveigl* between 650 and 750 grins., and the best abgut 725 girrft. 

It is, of course, not so much the actual w’eight of the char which 
decides its quality, but !his figiye serves as a kind of standard of its 
hardness, the heaviest char Idling generally also the hardest and least^ 
readily crushed to dust on handling in the cisterns and the washers. 

Size of the Pieces of Char.-~ilt is important that the (iieces of animal 
char should be pretty much the same size and also Aat the char purchased 
contains none or very little fine dust. These two points are determined 
by passing the char through ;P series of sieves of decreasing mesh and 
noting the percentages of the sample which are retained by the different 
ones. ... , 

pecolorizing Power of the Animal Char. —It is clear that this deter¬ 
mination IS the most important of all, since the char is only used for 
decolorizing the sugar juice#and its value chiefly depends 8n its efficiency. 
Very unfortunately there does not exist a thoroughly reliable luethc*! for^he 
determination of that decolorizing pow'er, so that tliis may be expressedain 
fi^iffes which must lie corroborated otherwise. * 

* It has been* suggested to mix a weighed portion of char with a 

solution of some dye-stuff or other to examine how much of the colour is 

• • 

absorbed by the char, b«t,this does not giviPa standard for the amount of 
colfturing matter which might hav6 been removed from sugar juices by 
th?1treatment. Every colouring matter has its peculiar properties, and 
the absorption by char is by no means identical n8r comparable in every 
cAse. If it is desired to te^ the absorptive power of the animal char 
towards the colouring.matter of the juices in a sugar factory, the operation 
muskbe done in the laboratory under the same conditions as those which 
will ultirdatejy obtain in the sugar-house. • 

A good first molasses, whieffi repre^ntS an average of* the usual 
molasses from the factory is sflented for the purpose, and a large jarful 
of it for the use ¥)f a whele campaigp is stored. 
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Next we dftermine how much of this molasses has to.be dissolved 
in water to 1 litre in order to get a liquid, which after filtration can just 
be read in a colorimeter of approved Resign. That figqre is noted jnd if 
a new batch or a newly revivified char is to be examined a solution <sf 
the standkrd •molasses of the coloration fixed once f^ir all is prepared. 

100 grms. of the char to be tested are transferred into a 250-c.c. 
flask, together with 150 c.c. of the molasses solution, and simultaneoiisly 
a second" flask is filled witK the same solution. Both flasks are kept 
immersed* ffr an hour in a'water-bath in which the water is on thoboik, 

€ f 

the flasks being shaken occasionally. After the appointed time the flasks 
are cooled down and the contents filtered. The' liquid from the flask in 
which the char had been mixed with the solution must be returned to the 
filter until quite free from black particles. 

Tlie two solutions are compared in a colorimeter, and the degree of 
coloration is expreJsejl bj* taking that of the' molasses without treatment 
with char as'100. The lower the figure the better the decoloration has 
been, and the more efficient the animal cljar. 

The same test has once a year to be made with the same molasses 
and a sample of char which has given good results in the factory, so' 
that the manufacturer can ascertain whether the sample under considera¬ 
tion is a more or less valuable kind. But (as has been said befeffS), the 
figures obtained by this method are not absolute, and do not allow of any- 
comparison with those found in other laboratories, being useless fqr 
ctjmparison with results in other places. 


t 

XII. DgCCfLORIZING CARBONS. 


The different high-grade carbons used for decolorizii?^ fats ha^ also, 
found application in^ the sugar industry, but as the origin and the 
preparation of these materials are kept, secret, nothing cbn bp said of 
them. We only know of an analysis by Dr. F. Strohmer of “ Eponi?,” 


which shows the following figures : 

Carbon . 

Hydfogen 

©xygen ... * ^ 

Nitfogen . 

Ash, . 

Soluble silica and sand . 
Moisture •. 


< 82'00 per cent, 

1 - 71 „ ‘ 

2 - 64 „ 

OTO „ 

, 1-68 „ 

2-46 ■ 

^41 ft ' 
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Tie ash consists of potash 20-58, lime 29-?9, and phosphoric acid 
2-69, and has an alkaline reaction. On microscopical examip%.tion no 
very jtriking characteristic could be^recognized, the preparation appearing 
to be a regular amorphous powder. In consideration of this and of the 
chemic&l analysis, Dt. Strohmer considers “Eponit” to be# csmple'tely 
carbonized .vegetable substance, probably of wood, and comparable to 
vegetable charcoal. 

“Norit” is of an analogous constituticfc to “ Eponit.” If contains 
also cf little ashliaving an alkaline reaction. The ^arbon coiitffnt of the 
preparation is also a high one, being about 90 per cent, in the powder with 
its common moisture content. It is amorphous and very finely divided, 
and Tooks just like powdered vegetable charcoal. 

A rejDort upon an analysis of N orit made in Ja-^ gave the following 
particulars; Norit is a ve^y finely powdered, intensely*black kind of 
carbon. On close examination under the microscotje, it shows a fibrous 
structure, as if it had been prepared from sawdust. The fine particles 
are apt to adhere to each other*l)y inStual attraction, which is especially 
the^:ase after the material has been moislijned. • 

The chemical composition of a sample was found to be : 

* Carbon . 

Ash .. 

Moisture . 


81-87 
’• 6-03 
12-10 


» The analysis of the ash is’as follows: 
Iron oxide 
Calcium oxid^^ 

Magqgsium oxide 

Silica. 

Phqsphoric acid 
Carbonic acid... 

Undeterminfd matter 


100-00 


0-70 

2-11 

0-7-1 

0-67 

0-17 

0-84 

0-80 

6-03 


Other samples had ash coiftents*of*4-K, 4-29, and 4-25 per cent, 
respectively, the figure given afcove therefore being, higher than in the 

<^h(g jp^tafices. 
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The*carbon conteitt was found to be less owing to the moist tropical 
Java clifnate, but the carbon content of the absolutely dry preparatioif*is 
about 95 per cent. 

• t f 

Chemical analysis fails to give any insight into the decolorizing power 
of these ^jreparatiolis, so that we do not think it necpsary to give rtiethods 
for the determination of hydrogen or other of the constituents enumerated 
in Strohmer’s analysis. , 

The'best way to test tht efficiency of these preparations either before , 
or after tffeir ret'ener^tion is to make decolorizing experiments witl»therfi 
on syrups from the factory, just as has been described when treating that 
poin.t in'i^ie section on ,'\nimal Charcoal (page lb5). 


Xill. HYDROCHLORIC ACID. 

Hydrochloric acid is used i<. su(^ir factories for cleaning the 
evaporators and for revivifying; animal char. The ordinary crude acid ^ 
(muriatic acid) may be used, but for tin; latter purpose it should not 
contain much sulphuric acid, as it would again form gypsum, previously 
removed by treatment wdth soda. 

t ^ I 

The percentage of sulphuric acid is determined in 10 grins, of the 
hytrockloric acid diluted with 50 c.c. of water with barium chloride, 
exactly as has been tic.scribed under the captioli Lime. The weight 
of Ae incinerated barium sulphate multiplied by the factor 0’1'432 
represents the amount of sulphuric acid (SOa) in 10 grins, of the hydro¬ 
chloric acid. Thatj content should not be over 1 per cent. 

The percentage of teal hydrogen chloride (i5Cl) in the acid is found 
by the determination of the specific gravity. The following table cojjtains 
the specific gravities and the degrees Be. of the different strengths of ?he 
acid wdth the corresponding percentages. If no great‘ accuracy is 
desired, the percentage may be derived frofil the specific gravity without 
having recourse to the table, by simply dividing the first three decimals 
of the specific gravity by 5. A hydrochloric acid of 1T66 spScific 
gravity contairfs, according to the table, 33’2 per cent, of HCl, and on 
division bj 5 =“ 33 2, or eficackly the ^me figure. With other”specific 
gravities there are small differences tetyveen the two, but they are of 
little consequence. 
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• 

Sliecific 
firaviiy 
at ^8'' C 

100 parts 
contain 
HCl. 

Decrees 

Bcaumc 

Specific 
Hravity 
at 28“ C 

100 parts 
contain 
HCl. 

* 

Dejlrees. 

Beaumd 

Specific 
J{»vity 
at 28« C 

^00 parts * 
contain 
•HCl. 

0 

’ 1-000 

o-i 

11 

1-08*3 

16-6 

20-5 

1-166 

33-2 

1 

*f007’ 

1-5 

12 

T091 

18-2 

21 

1-17J 

, 34-J 

2 • 

V014. 

2-9 

* 13 


20-0 

21 5 

1-175 

34-9 

3. 

1-022 

4-5 

14 

1-108 

21-7 

22 

1 180 

36-0 

. 4 

1-029 

■5-8 

15 

1-116 

23-4 

22-5 

1-185 

. 37-1 

• 5 

,1-03^ 

7-3 

16 

1-125 

25-0« 

23 

1-190 

, 38-2 

6 

1-044 

8-9 

•17 

1-134 

26-8 

2 f 5 

•1-195 

39-3 

7 

1-052 

10-5 

Ii8 

1-143 

28-6 

24 

1-199 

*40-4 

8 

1-060 

12-1 

19 

in52 

30-4 

24-5 

1-205 

’ 41-5 

9 

1-067 

13-5 

19-5 

•1-156 

31-3 

25 

1-210 

42-7 

10 

1-075 

15-1 

20 

1-160 

32-2 

• 







• 






XIV. CAUSTIC 'SODA.* 

•• • 

Caustic soda is used in suRar factories for cleaning the evaporators 
and for*revivifyinR animal charcoal or decolorizing carbon, and also for 
neutralizing an excessive aciclity. It arrives in iron drurff%on which the_ 

taarauteed soda content is marked. 

• • • • 

This is e.vpressed “ Na.O jier cent.” to wlycli likewise is addej) 
tin# Equivalent amount of caustic soda properly speaking or sodi«ni 
hydrtjxide, the siwtll amount of sodium carbonate which the material 
sometimes contains being also included. 

A guaianteed conte*4 of 60 per cent, "therifore indicates that the 
jnateri^l contaiift 60 X— 77-4 *per cent, of sodium hydroxide, of 
which generally a small amount is not hydroxide but carbonate. 

t 

, The •composition of a so-caBed “ 65 per cent, caustic soda ” may be 
as follows: 


Sodium hydroxide. 

76-52 per cent. 

podium carbonate#... 

10-04 

Sodium chloride ... 

4-17 

■Sodium ^Iphate ... ».. 

• .4 . 2-81 „ 

.Water . 

6-46 „ 
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F*" the use for^hich it is intended this material is generally^pufo 
enough, but *if it is thought necessary to analyse, the material thp 
following methods may be used. 


Methods of Analysfs. 


Sampling.- Caustic soda very rapidly attracts moisture and carkonic 
acid frgm the atniosphere.,for which reason sampling ought to be donp 
very crijitiously. The oiger layers in the drum may have becom§ damp, 
and therefore ‘die lample should be taken fr5m the interior. A few 
pieces^are wrapped m paper and beaten to pieces with a hammer, after 
which some of the smaller ones are selected and put into ». well- 
stoppered bottle. * 

About 20 grflis. of the sample are carefully weighed! at once 
transferred to a 400 c.c„ measuring flask, 9is.solved in water, filled up tt 
the mark and this solution kept for the determinations. At the sam( 
time the amount of the sample for the determination of water is weigher 
without delay. 

Water. —A quantity of the sample weighing belji^een 5 and 10 grms 
is carefully weighed m a tared silver or nickel crucible, which is coveret 
with a lid. Heat is gently applied, keeping the crucible covererf till th< 
contents arc ijifiHen, and gradually raised t« a dull red for ten minutes 
The crucible is left to cool down in a desiccator and wjigl^ed. The life: 
of wefght represents^the water content in the portion weighed. 

• Sodium Hydroxide and Carbonate.— 25 c.c. of the original soThfioi 
of about 20 grms. of the caustic soda to 500 c.c. are measured and ftans 
ferred to a 250 c.c. flask, after which a few drops of phenolphthaleii 
soJfition are addeef. • 

Normal sulphuric acid is added*from a burette in<such excess*tha 
one is quite sure that all the hydroxide and carbonate is saturated? J 
quantity of 25 c.c. oJthe normal acid will be.quite sufficieat. The liqui' 
is boiled during a short time to drive off.all carbonic acid which mi^h 
have been present in the form of carbonate and the excess of acii 
is titrated back with normal potassium hydroxide solution. * 

The diffarence between the c.c. of normal acid and normal alkal^ i 
equivalent to .the amount of totatl alkali. • 


Suppose wethad weighed 22T6 ^n)6. of caustic soda and dissolve 

22-16 ^ *25 ■ 


it in 500 c.c., then the. 25* c.c. measured contained r- 


50* 


I-IO 


grms. of caustic soda. If for acidift2ation*25 c.c. ^f.Kid had beed^'daet 
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and for neutralization 1'7 c.c. of the potash solution,»the total alkali in the* 
1 ;10S grms. of the caustic soda would have required for the fleutralisation 

of the total alkali 25 — 1-7 = 23'3 c.c. of normal acid. 

• • 

*1 c.(.. of normal acid is equivalent to 0-031 grms of NasO, and there¬ 
fore the 1*108 grms. of the caustic soda contain 23-3 ^ 0-03i =»'0-7?l 
• * 0'721 * 

grms. of NasO'or x 100 = 65-1 per cent of total alkali. 

^ i'iUo 

I For the sefiaration of the amount present as hydroxide and as 
• • • 
carponate, a second determination is required. , 

* • 

50 c.c. of the origihal solution are measured Tlito # 200 c.c. flask, 

diluted with water to aboufc 100 c.c. and heated on a sand-batli. A‘small 
quantity of barium chloride solutioft is added till no further precipitate is 
formed. The liquid is cooled, filled to the mark, and filtered through s 
•dry filter into a dry cylinder. • • 

The addition of barium t:hlori’de decompose^ the carbonate, which 
is precipitated, while the base combines with the chlorine, s» that only 
the hydroxide remains as alkali, Tim amount thereof is determined 
by titrating 100 c.c. of tbe filtrate, equivalent to 1-108 grms. of the 
causti? soda, w-ith normal sulphuric acicT, using* phcnolphthalein as 
indicator. .Supposing in our e'xample 21-2 c.c. were used, then the 
volumeTftc results obtained are as follows: 

* Neutralization of the teUd alkali . 5^-3 c.c. 

of the hydroxide ... .■• 2T2 

«of*the carbonate (by difference) 2-1 ^ 

4 c.c. of normal acid is equi\^alent to 0-040 grms. of sodium hydroxide 

and 0-053 grms. of sodium carbonate. 1-108 grms. of the caustic soda 

contain: • • 

21-2 X 0-040 =^848 grms. of NaUH, jr 76-52 per cent. 

. ■ * , 2-1 X (7t)53 ^ 0-111 grms.*of NajCOa, or 10-04 per cent. 

‘ Chlorine.—50 c.c. of the original solution are transferred into a 
• fla^k, renriered‘faintly acid with nitric acid, after which so much magnesia 
is added to the liquid, that ’a small part of it remains undissolved. 
The liquid is therefore *completely neutralized, and is titrated with deci- 
(OormsS silver nitrate with neutral potassium chromate as indicator till 
the red co^lour just remains. 

1 c.c. of deci-normal silver nitrate is equivalent to u-uuo«o ^rms. oi 
’sodiunj chlviSe, and if we l^^ve*usfd 15-8 c.c, the causfic joda contains 
' 15*8 X 0085^ X loe _ gf sodium chloride. 

- . 2-216 T • •• 
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Sulphuric Acid^—50 c.c. of the original solution are measured into 

a beamier, made acid with hydrochloric acid and precipitated hot ^Mth a 

• 

hot solution of barium chloride. The precipitate is treated just as has 
been described under the section*Lfwc, and the w*eight of the bajrium 
adplvite is calculated as sodium sulphate by the factor O'0O89..' 

As has been said already, it is not necessafy to determine ajl these 
constituents for use in a sugar factory. If it is required to know the 
content of a caustic soda solution only approximately, use may bei 
made of the specific gravity table given here. ■ ♦ ^ " 


TABLE sfiowfkci THE SPECIFIC GKAVJTV OF SOLUTIONS OF 

• __ _ _ _ . _ ... 


• 

^ . 

PUKE : 

SODIUM 

HYDROXIDE 

AT 2%" 

' C. 1 

(82-5'’ F 

) 

l‘er 
cent, 
in the 
solu¬ 
tion. 

^Specific {gravity 
at ‘28^ C of a , 
content of j 

• 1 

Her 
cent 
in the 
solu¬ 
tion. 

SpeciBc^ravity 
at 28® C of a 
content of 

' Her 
cent 
m the 
solu¬ 
tion. 

Specific {gravity 
at 28® C of a 
contejit of 

Na„0 

i 

^-iaoVl 

1 Na^O 

j V 

NaOH 

Na.jO 

' NaOH 

1 

1 012 

1009 

21. 

4 296 ' 

' 1-234 

41 

1-500 

1-443 

‘2 

1-027 

1«20 

X 

1-311 

1-243 

42 

1-579 

1-4,5% 

n 

1 040 

1 032 

•23 

1 325 ' 

*1-254 

«- 

43 

’ 1-593 

1-464 

4 

1-055 

1-043 

24 

1 337 

1-265 

44 

1-606 

1-4^4 

b 

ld)?l 

1 056 

25 

1 8,51 

l-«75 

45 

1-617 

1 484 

6 

1 -ORC 

1 067 

26 

l*3fi5 

1 -286 

46 

i-6S» 

1-495 

7 

1-101 

1*073 

27 

1-374 

1-296 

*47. 

1-G45 

1-603 

8 

1-llC 

1-089 

28 

1-391 

•T306 

48 

1-658 

1-514 

U 

1-129 

1-100 

29 

1-406 

1-317 

49 

1-673 

1-524 

10 

1-142 * 

1-112 

•10 

1 420 

1-.328.. 

. 50 

1-685 

1-535 

11 

1*158 

• 

1-J23 

31 

1-4S4 

1-.339 

51 

THOO 

1*545 

12 

1-172 

1-133 

32 

1-446 

1-347 

52 

1-714 

1-665 

13 

1-187 

t 

1-145 

33 

1-458 

, 1-359 

53 

1 72^ 

*565 

14 

, 1-200 

1-156 

34 

1-471 

*370 

54 

1-740 

1-575 

15 

1 215 

1-167 

35 

1-484 

1-380 

55 

1-755 

1-68% 

ir 

1^30 

1-178 

36 

1 496 

1-391 

56 

1-770 

*1-596 

17* 

1-241 

1-184 • 

117 ' 

' 1-51* 

1-401 

57 ■' 

•1-780 ; 

1-606 

• 

18 

1-2.54. 

1-198 

38 

1 620i 

J-411 

58 

1'796 . 

1-617 

13 

• 

1*266 

1-209 ' 

39 

•1 539 

1*422 

59* 

1-81(^* 

• « 

1-868 

20 

1-281 

1-221 

40 

1-SA 

l-'438* 

ea . 

4-826 

1-688 





XV. SODIUM CARBONATE, 


‘Sodium cjirbonate is used for the revivification of animal char, and 
also for precipitating linje from juices or syrups. 

It is not manufactured in most cane growing countries,‘and therefore 
• it is exclusively*imported in the anhydrous and not in the crystallized 
state, tljp freigdit charges of the crystallized ^It with its lajge water 
content being much too*high. 


The analysis of sodiuni carbctfiate is carried out on the sanfe lines 
as that* of caustic soda, with thip exception, that sampling need not be 
, done with so much precaution, as sodium carbonate attracts neither 
moisture nor carbonic acid from ^]ie atmosphere. It is »ot necessary 
to make one solution with which to carry out a« tUe'tests, ^since these 
can be made with separately weighed portions of the sample. 


* « • 

For the determination of the sodiuni carbonate content 1 or 2 grins, 
are v^iighed out, dissolved in water, boileu with 20-40 c.c. of normal 
acid (using phenolphthalein as indicator), and after boiling titrated back 
with no?nul potassium hydroxide, just as has been described in deterniin- 

iftg the total alkali in caustic .soda. 

% 

* * ^s has b*!;en*said in that section, 1 c.c. of normal acid is equivalent 
:o 0-^53 grms. of sodiuni carbonate. 


•Suppose we 4iad boiled I'S grm. of the sodium carbonate with 
30 c.c. of acid, and 2-2 c.c. of potash .solution have been neces.sary for 
neutralization, the pert;|Btage of anhydro.s sodium carbonate w8uld 

. r\ r 'i M 


have lipen 


(30 2-2) X 0-053 


X 100 = 98-23. 


For* the determination of ohlorine and sulplmric acid, quantities of 
5 grms. are weighed and analysed. 

f-rovided the solutions are pure, the content of the anhydrous anc 
the crystallized sodium carbonate may be derived from the .specific 
gravity of the sokitions by making use’of *he»table given here?; 
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.Specific Gravity of Solutions of Sodium Carbonate* 




AT 28" 

C (82-5“ t) 


• 


Percenta^je of the 


Percentage of the • 

^tpeciftc 

solution of 


solution 

V 

*Na.,CO,. 

Na^CO., 

Specific ^ 

Na^CO,. 

Na^COj. 

gravity. 

+ 10H,^O. 

gravity. 

4-10 HjQ. 

4 

1-0038 

... 1 ... 

0-370 

1-1035 .. 

26 ... 

a 

9-635 

190076 

... 2 ..., 

0-741 

1-1076 .. 


10-005 

1*0W4 

,. .3 .'. 

1-112 

1-1117 , .. 

28 ... 

lfl-376* 

•1-0153 

... 4 ... 

1-482 

1-1158 .. 

• 

29 ... 

10-746 

'-'0191 

... 5 ... 

1-853 

• 1-1200 .. 

30 ... 

1U118 

l-023f 

6 ... 

2-223 

*1-1242 .. 

31 ... 

11-488 

‘1-0270, 

... * 7 ... 

2-594 

1-1284 .. 

32 ... * 

11-859 

1-0309 

...* *8 •... 

2-965 

1-1326 .. 

33 ... 

12-230 

1-0348 

... 9 ... 

3-335 

1-1368 .. 

34 ... 

12-600 

1-0388 

... 10 ... 

3-'706 

1-1410 .. 

35 ... 

12-971 

1-0428 

4 

... 11 ... 

4-076 

1-1452 .. 

..36 ... 

13-J41 

1-0468 

... 12 ... 

4-447 

1-1493 .. 

37 ... 

13-712 

• • 

1 -0508 

... 13 ... 

.4-817 

1-1536 .. 

38 ... 

14-082 

• 

* 


• 



1-0548 

... 14 ... 

5-188 

1-1578 .. 

39 ... 

14-453, 

*1-0588 

... 15 ... 

5-55S 

1-1620 .. 

• 

4*0 *.. 

14-824 

1 -0628 

... 16 ... 

5-929 

1-1662 .. 

• 41 ... 

15-r»5* 

1-0668 

... 17 ... 

6-299 

1-1704 .. 

42 ... 

15-5S6 

1-0708 

.... 18 ... 

6-670 

1-1746 .. 

43 ... 

15-936 

1-0748 

... 19 *... 

*7-041 

^ l-178g* .. 

44 

16-3^7 

1-0789 

... 20 ... 

7-412 

1-1830 .. 

45 ... 

lff673 

1-0830 

... 2* ... 

7-782 

• 1-1873 .. 

46 .... 

17-048 

1-0871 

... 22 ... 

8-153 

*141916 .. 

47 ... 

17-418' 

1-0912 

... 23 ... 

8-523 

1-1959 !. 

48 ... 

17-789 

1-0953 

...• 24 ... 

8-894 

1-200*2 .. 

49 ... 

.18-1*59 

1-0594 

... 25 .., 

^-264 

, 1-2045 ... 

50 ... 

18-530 ' 










XVI. ULTRAMARINE. 


Ultramarine is,used for neutrali^g any yellow tinge in the colour of 
vhfte sugar, ^Its useful effect depends in the first place on the colouring 
power an?l fineness of ^le dy£-stuf[, while it should nift contain-fnattw 
which^ives off sulphuretted hydrogen on being boiled with water. 

■ 

The tests to which the ultramarine is submitted aim at deciding 
these points, "^hile thfe chemical analysis, which j,s very complicated, owing 
to the intricate constitution of the ultramarine, althc»gh at can of course 
detect adulterations and admixtures, fails to give information as fo the 
dyeing,power and fineness of division. On the other hand, the filiysical 
tests are so severe, that an adulterated ultramarine may be» rejected as 
well as a cjjemically pure product lacking the sptci.al^qualities required. 
We shall confine ourselves tj the'simpler tests, which arc quite suffi¬ 
cient for our wants, and omit the very interestmg®but, for^our object, 
unnecessary methods of chemical analvsis. 

’ ■> . 

^ Degree ol Fineness,— 10 grms. are mixed in a mortar with 30 to 50 
c.c. oP water till a,Jiomogeneous mixture has been obtained. This is 
poure(^ into a cylinder of 300 c.c. content and washed completely in till 
the ve.ssel is quite filled with the mixture. The same thing is done at 
tffe same time with a brand af ultramarine blue which Hh# given entire 
Ufisfaction ii^the^ factory. 

^^fter the contents of each have been well shaSen, the two cylinder^ 
are ^ut side by side and inspected at the end of one hour, two hours, four 
hours and so on, the rapidity of subsiding, the colour of the supernatant 
water, and the thickness of the separated subsided Jayer of dye-s^ufl 
being noted at these intsHfals. 

• 

• The longer the liquid remains coloured blue, and the less dense the 
subsided layers the better is the ultramarine adaptdtt for the blueing ol 
thtf sugar. This test therefoi^ gives valuable information as to tht 
fineness of the divisiomof the ultramarine. 

’ Colonring power.—O'? grm. of the ultramarine to be Rested is mixec 

iif a mortar with 5 grms. of pure whije gypsum, pipe-clay, or bariun 
sulphate, which mixing must continue without pressing too hard^till the 
niixtufe is,quite homogeneous tin? does not show either jDlue or whitf 
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streaks on nibbing with the pestle. A pinch of the mixture is spread 
m a i»iece of paper.and rubbed flat with a horn spatula. At jthe same 
:ime 4 similat mixture is made with a good brand of ultramarine ke'ih; as 
i standard with the .same proportion of thi white stuff selected and a^ 
similar pinch is rubbed flat alongsicle. 

By inspection of the two mixtures, it is possible to see first whether 
:he diluted colour is as intensive as that of the standard and, secijndly, 
ivhether the tinge is a pure blue one or whetlier it has a violet or greenish < 

? -s ♦ * 

lue. I hat ultramarine ,is best which, treated in'this \fay, gives Jthe 
nost inten.se a*'d tlfc pure.sl blue coloration. 

"This inspection requires a good but not too strong daylight, and 
:annot be tbne by lamplight. 

In order to save trouble it i,s adwsable to make, once for all, 
r series of .stan5aKls,*startiiig from a good brand of ultramarine and 
nixing that thoroughly with \arying portions of a neutral and inert 
white material. 

100 grms. of calcium carbonate or barium .sjjphate, or wiratever 
vvhite material is chosen (it being understood that once the cj^oice is 
nade the comparative tests ought always to be made with the same 
material) are«nixed with 10 grms. of the ulandard blue, and the mixture 
galled 50 per cent. After that a scale is con.struclej) b^ taking every 
.line 5 grms. of the \^hite material, more or le,ss,,'ind calling the mixtures, 
3 .g., 51, 5 j!, 53, etc., and 49, 48, 47, etc. 

t 

53 iier cent. " 85 grms. of white ihaterial, 10 grms. of ultramarine 
• 53 „ 90 

51 „ = 99 

50 „ = 100 

49 „ - 1P5 

48 „ - no 

Mixtures of 1 part of blue to be tested with 10 parts of the .same 
white material used in the con.struction of the standard may bs compared* 
with the standard, and the colouring power of the .sample expressed in 
iigure^. 
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Sulphuretted Hydrogen given off by boiling with Water.—50 grms. of ' 
ultjtfimarinfc ;.:e treated with water in a distilling ifask ant^ boiled. The 
vapours are conducted tUtnugh a U-shaped tube with bulbs, m which 
25^c.c. of deci-norrTial iodine solution'are measured. In order to prevent* 
loss of* iodinl the extremity of the tube is closed by^a plug of cotjon 
wool^oaked in potassitini io'clide solution. The distillation is continued 
for ^ quarter of an hour, after which the iodine solution and the plug of 
cotton wool are transferred into a beaker and titrated with deci-normal 
scaiiun^ thiosSlphate solution, using starch solu^on as indicator. ^ 

1 c.c. of deci-nornuil thiosulpliate solution is equivalent to T.7 mgrms. 

of sulphuretted hydrogen.* , 

• • • 

A good ultramarine shoujd not give off more than 15 mgrms. of 

sulphuretted hydrogen per 100 grms., therefore the 50 grms. of ultra- 
marine employed should not cause^ larger difference that ^.5 c.c. of the 
deci-normal thiosulphate solution used for the reffluerfitfn of 25 c.c. of the 
iodine solution before and after the distillation test. 

‘ It is very evident that the water V'th which the ultramarine is 
’boile^J should not contain any trace of>-'acid, afid in order to ensure 
that, water which’lias just been distilled over a small amount of lime 
shoulrfbfc used. 

• Although, as has been i^id before, the chemical ana^is is unable to 
give the necessary data for the determination of the quality of ultra- 
marine for the purposf for which it is intended Ijpre, yet it is necessary 
to^ow whether a Tdue dye, sold as ultiamarine, really consists of this 
mafthr at all, and for this purpose we give here the following tests of 
identification. ^ 

On being heated^* a platinum foil, altramarine does not change 

* • # r 

• coburtnor give* off vapours. 

When treated with dilute hydrochloric acid, it becomes milk-white 
ayd evoltes a strong smell of sujphuretted hydrogen. 

When heated wi^i a dilute solution of caustic soda, it does not 
change colour at all. 

The’presence of adulterations, such as gypsum, bajium carbonate, 
barium 'sulphate,* etc., is only tji be •dei^ctfd after a rather difficult 
analysis, which is best left to expert analyst?. 



'xvil. INDANTHRENE. 


Indanthrene is an artificial, synthetic dye-stufl, ol wnici^ine scieniTiic 
natne i? di»nthra(fiiinonyl-N-dihydroazin. 

On being heated on platinum foil it chars and gives off inflam m^ible 
vapour, leaving behind a carbonaceous mass, which totally disappears on < 

continued heating. ' 

r ^ ^ 

Neither acids, nor caustic alkalis, even on 'boiling in high concen¬ 
tration,,change its colour. 

Indanthrene is insoluble in water, but remains in a suspended state 
from \Yhich it is thrown down as a flocculent precipitate by acids. 

f 

When t^eatecb'vithccstrong reducing agents such as stannous oxide 
and sodium ^ hydroxide, indanthrene passes over into soluble leuco- 
indanthrene, which also has a bluo colcur, and from this solution the 
original insoluble matter will deposit gradually after oxidation on 
exposure to the atmosphere. ' ^ ' 

The dyeing power of indanthrene is best ascertained by shelving a 
weighed quantity of the sample with a large amount of water, and 
comparing the^ntensity of the colour with‘'one obtained by treating, in 
tbu sane way, a similar quantity of a sample which has' given entire 
satisfaction. 
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